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CONSTRUCTION FEATURES OF 
TUNG-SOL / CHATHAM 


special silicone-rubber cushion 
shock-mounts 2050W in its own base 
metal anode shield replaces glass 
pant-leg found in prototype 


ceramic insulators firmly support 
anode top and bottom 
double micas, top and bottom 


special tungsten mandril gives 
heater extra support 


OPERATIONAL RANGE OF 
CRITICAL GRID VOLTAGE* 


*Ranges shown are for two values of grid 
resistor, 0.1 megohm and 10 megohm, and 
take into account initial differences be- 
tween individual tubes and subsequent 
differences during tube life for a heater 
voltage range of 5.7 to 6.9 volts. 


The outstanding reliability of the Tung-Sol 
Chatham 2050W has consistently been demon- 
strated in a wide variety of military and 
industrial applications. 

Electrically, the 2050W is identical to its 
prototype, the 2050, for which it is a direct, 
plug-in replacement. Physically, the ruggedized 
2050W embodies a number of construction 
features which assure Jong, trouble-free life 
under the most severe conditions of vibration, 


shock and fluctuating temperatures. 

If your application permits no compromise 
with quality and reliability, you certainly 
should investigate the Tung-Sol/Chatham 
2050W ruggedized thyratron. Write for de- 
tailed specifications. For premium quality, 
special purpose tubes of all types... and for 
highly dependable semiconductors, see how 
well Tung-Sol can meet your requirements. 
Tung-Sol Electric Inc., Newark 4, New Jersey. 


‘s) TUNG-SOL 
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Extra small, single row 
ball bearings with 
shields are capable of 
resisting combined radial 
and thrust loads. They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Photo: Courtesy Westinghouse Electric Corp. 


Vocuum Cleaner Moror Nonvfocfurer 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor production costs, 
yet maintain present high efficiency. 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
. New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


pp Searing Design! 


efficiency, improved quality and provided 
quiet motor operation. The bearings accounted 
for a 21c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 
positioning of rotor shaft under all load 
conditions and mounting positions. 


When it’s a question of maintenance-free high 
volume ball bearings for electric motors . . . and 
perhaps a cut in production cost, contact New 
Departure. For more information, write 
Department L-7, 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 
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DIVISION OF GENERAL MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 
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Leading instrument manufacturers 
power their products with Bodine Motors 


HERE’S WHY.. 


LEEDS & NORTHRUP 
SPEEDOMAX* H 
INSTRUMENTS 


“Our Speedomax H line includes indicators, re- 
corders, and controllers, which measure or con- 
trol temperature, pH, gas concentration, power 
and load, and neutron density in many industrial, 
power plant, and research applications. These 
instruments are designed for 24-hour operation, 
seven days a week. All components must be 
rugged, dependable. Many of the instruments in 
the Speedomax H line are powered with Bodine 
Motors.''—Leeds & Northrup Company. 


ESTERLINE-ANGUS 
RECORDERS 


‘We needed a mo- 

tor that would run 

quietly, start fast, 

and accurately 

maintain the re- 

quired speed. Also, it was necessary that both 
AC and DC motors have the same mounting di- 
mensions. We wanted a source where delivery 
promises would be kept, and also where motor 
parts would be quickly available. Bodine met all 
these requirements, plus making our external 
drives less cumbersome.'’—The Esterline-Angus 
Company, Inc. 


SANBORN OSCILLOGRAPHIC 
RECORDING INSTRUMENTS 


“Time is very important in re- 
cording electrical and physical 
properties...and this is one 
reason we use Bodine synchro- 
nous motors. These instru- 
ments can operate at nine dif- 
ferent paper chart speeds. The 
motor that powers the chart 
moving mechanism must re- 
spond quickly... operate at any 
of the pre-determined constant 
speeds. Over the years Bodine Motors have met 
our requirements for constant speed, minimum 
noise, uniform performance, and long life.’’— 
Sanborn Company. 


BECKMAN 
ANALYTICAL 
INSTRUMENTS 


‘Bodine motors are used in several of our pre- 
cision instruments where critical specifications 
must be met and maintained. In addition, twenty- 
four hour operation is common place in the use 
of our products for important research.'’—Beck- 
man Scientific and Process Instruments Division. 


Free—ask for descriptive bulletins 1023B and 1024A 


Bodine K-2 Motors were designed to power instruments 
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fractional 


Many manufacturers of instruments, timing 
devices, control apparatus, and similar prod- 
ucts use Bodine K-2 Motors. K-2’s are small 
compact motors ... only 2x” high... per- 
fect for those hard-to-get-at installations. 
Instantly reversible and totally enclosed, 


horsepower 
they're available synchronous or non-syn- 
chronous with or without speed reduc- 


ers. Horsepower range 1/2000 to 1/500. 


Bodine Electric Co., 2506 West Bradley . RODINE 


Place, Chicago 18 


Other applications for Bodine Motors. 
vending machines, communication 
equipment, sound recorders, auto- 
matic scales, respirators, voltage 
regulators, X-ray timers, traffic sig- 
nal timers, stirrers, sanders, letter 
openers, envelope sealers... plus 
many, Many other applications 


...the power behind the leading products 


Circle 105 on page 17 ELECTRICAL MANUFACTURING 





Electrical Manufacturing 


_ DESIGN, ENGINEERING of electrically energized machines, appliances, equipment Vol. 64, No. 1 @ JULY 1959 


bo data dina RS contac tile hen wl 


D-C Torque Motors for Servo Applications 76 
D. G. O’Brien 


Relay Test Code Advanced 81 
Arnold E. Rudahl 


Numerical Controller Uses Magnetic Counters 


Carl Isborn 


Mechanical Aspects of Control-Center Design 


J. L. Defandorf 


Tests for Smooth-Running Rolling-Contact Bearings 
DEPARTMENTS T. W. Morrison and Tibor Tallian 


Research Horizons 9 
Plus or Minus 14 


This Month’s Cover 16 The Electric Field 


? : . 
Reader Inquiry Service 7 Paul G. Jacobs 


Editorial . 75 

Design Trends 144 

AsSciation Activities 158 Design Changes Refine Jig Borer Control 
Calendar of Meetings 160 Staff Report 


Men in Industry 162 
Company Briefs 170 Flame-Resistant Glass-Polyester Laminates 
H. R. Sheppard 


BASIC SCIENCE AND ENGINEERING FEATURE 


Engineering Standards 172 


Book Reviews 174 7 ‘ . ° 
Editoris! Reorints Availabl “ Electrical Spectrum Analysis 
a en ee ai R. Saul and E. L. Luloff 
Special Reprint Service 194 


Literature for the Design Engineer 202 Dielectric Requirements in Microwave Equipment 
New Components and Materials 222 C. L. Petze; Jr. 
Laboratory and Engineering 
Equipment 274 Automatic Control System Design — 4 
Product Index 288 Design by Transfer Function Methods 
Index to Advertisers 290 Ira Ritow 


Published Monthly and Copyrighted 1959 J. PERROTTET, Publisher P. T. HEFFERNAN, Business Manager 
by C-M Technical Publications Corporation E. M. SCHAEFER, Advertising Manager 


205 East 42 Street, New York 17, N. Y. PRANK 1, OLIVER, Edler OLIVER B. ACKLEY, Research Director 


BURDETTE P. MAST, Chairman of the Board AL ROSE, Sales Promotion Manager 

B. P. MAST, JR., President ‘ ' - AUGUSTUS EPPLE, Advertising Productior 

4. M. MORSE, JR., Vice President ALEX. E. JAVITZ, Special Features Editor 

ARTHUR HE. DIX, Vice President WILLIAM ARROTT, Associate Editor =— " 

HARVEY CONOVER, JR., Vice-President & Secretary ous Win, Abeta deans Dias CHICAGO, 737 No. Michigan Ave. 

LEO HAGGERTY, Treasurer ere —— aoe - John T. Dix, Director of Midwest Operations 
PAUL G. JACOBS, Associate Editor tiseld’ Raalean 

Editorial content and material of Evectrica, Manu- ARNOLD E. RUDAHL, Associate Editor 

FACTURING may be reprinted only with written per- JOHN R. RIGGS, Associate Editor 


mission of the publishers. Checked by Engineering . is 

Index oe by A plied s ience & Piscaalnee fudae HAROLD Ef BARKAN, Associate Editor CLEVELAND, 1900 Euclid Avenu 

(Industrial Arts Index). Accepted as controlled cir- MICHAEL M. MEYERS, Assistant Editor Kenneth F. Fairleigh 
lation publication at Philadelphia, Pa. Membe 

National Business Publications, Inc., Business Pul NEW ENGLAND, Wir 
tions Audit of Circulations, Inc WILLIAM E. ANDERSON, Editorial Programming David W. Cole 


] 


Those engaged in the design engineering of elec ROBERT McK. FINK, Editorial Production 


trically yperated machinery, appliances and equip , 3 EY »e 
ment in p a U. S. ae qualify = receive ELEecTRICAL HELENA SLOAN, Editorial Production Assistant NEW YORK, 1250 Sixth Ave. 


MANUFACTURING monthly, without benefit of paid sub- Robert G. Drake 
scription. The publication is available to all others ; Francis J. McKinley 
n the U. S. @ $15.00 per annum, $1.50 per single B. R. MESTER, Circulation Manager 
opy. Foreign subscriptions are at the rate of $20.00 J. A. CAMPBELI 


per annum. Please notify publisher promptly of any LOS ANGELES, 864 South Robertson Blvd 
changes in name, title or address. Editorial and busi- “a : ; 
ffices: 1250 Sixth Ave., New York 20, N. Y. ADOLPH I. LOSICK, Reader Reaction Director John C, Clemens 


Charles P. Gass 


James Sullivan 


——_______-See “In This Issue” for Subject-Classified Abstracts of Articles—Pages 6 and 7 
=! 


JULY 1959 





tect Against 


A few typical examples of Mallory motor-start 
capacitors—showing the model with the built- 
in bleeder resistor. A variety of terminations 
and lead wire arrangements is available in 
standard and recessed cases. 


Wet rolling assures precise tolerance. Capacitance of the 
formed element is measured while the foil is being rolled. 
This unique process makes it possible to roll the exact 


microfarad rating desired, rather than cutting foil to 
arbitrary length . .. insures better match with motor de- 
sign values to get high starting torque, accurate cut-out. 
* 
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Field Returns 


by Using Mallory Time-tested Motor Capacitors 


Before any Mallory motor-start capacitor 
gets shipped to you, it has had a thorough 
check by our inspectors. Every capacitor gets 
the three tests shown here . . . for capacitance 
during roll-up, for freedom from shorts before 
encasing, and for electrical specifications on 
the completed units. And as part of our 
quality control, samples are regularly taken 
from production. Some of these get an ex- 
tended life test at high temperatures—others 
go through hundreds of thousands of start- 
stop cycles to determine their ultimate serv- 
ice life. 


The result of this severe pre-testing . . . and 
of our experience in making many millions of 
capacitors is assured quality for your 
appliances and motors. Actual records prove 


P 


Flash test before encasing checks dielectric 
property of the capacitor cartridge . . . weeds 
out weak spots before assembly. 


a 
aa "Ti 


R. MALLORY & CO. Inc 


that field returns of Mallory motor-start 
capacitors average well under 0.1°%. This is 
the kind of quality that cuts your warranty 
replacement costs, adds to the reputation of 
your equipment, and helps to keep your cus- 
tomers, dealers and distributors sold on 
your products. 


Or 


For over 25 years, Mallory research and 
pioneering have made possible many notable 
improvements in motor capacitors—such as 
constantly higher temperature ratings— more 
compact designs—higher current ratings— 
greater range of capacities and voltage ratings 
—built-in bleeder resistors. Always buy 
Mallory for your motor or cabinet mounting 
assemblies—always specify Mallory capacitors 
when you buy complete motors or sub- 
assemblies. 


INDIANAPOLIS 6, INDIANA 


al 


Final testing of completed capacitors. Every 
unit is tested for capacity, power factor 
and wattage. 
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Components, Electrical Electronic Your Clessification: 


Transducers 
Motors 
Special 


*  D-C Torque Motors for Servo 
Applications 


The torque motor, an electromagnetic transducer, has grown 
rapidly in the last few years in the variety and number of its 
ipplications in servo systems. The theory of its operation (in- 
cluding development of its frequency response) and infor- 
mation necessary to its correct applic ation are given, 


D. G. O’Brien, American Measurement & Control, Inc., 
Waltham, Mass. 


Electrical Manufacturing 
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Components, Mechanicel Structural 
Bearings 

Testing 
Components 


Your Classification: 


Tests for Smooth-Running 
Rolling-Contact Bearings 


Io overcome misleading comparative ear tests for noisy bear 
ings, a method of vibration testing using spectrum analysis is 
described, Correlation is made with quiet motors. Other ob- 
jective tests apply to spindle bearings. Tells what the manu 
facturer can do to measure and control waviness in surfaces of 
bearing parts, found to be the chief cause of noise and 
vibration 


lr. W. Morrison and T. Tallian, SKF Industries, Inc., Phila- 
delphia, Pa 
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Instruments and Test Equipment 
Applications 

Testing 
Systems 


Your Classification: 


Electrical Spectrum Analysis 


Analysis of the spectrum of an electrical wave is described 
mathematically by the use of Fourier mathematics and by an 
instrument, the spectrum analyzer. Theory of operation of this 
instrument is presented fully, supported by graphical treatment 


R. Saul and E. iS Luloff, Polarad Electronics Corp., 
Island City, N. Y. 


Long 


Electrical Manufacturing 
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In This Issue 


Components, Electrical/Electronic 
Contact Devices 

Design Considerations 
Specifications and Standards 


Your Classification: 


* Relay Test Code Advanced 


Definitions of terminology, discussions of methods, equipment 
and specifications involved in relay testing have been under 
intensive study by a committee of the relay industry. A 
progress report is now ready and available. This report and 
other relay design and use trends were discussed at the 
Seventh National Conference on Electromagnetic Relays, sum- 
marized here. 


Arnold E. Rudahl, ELtecrrican MANuracturinc, New York, 
N.Y. 
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Basic Science and Engineering 


Your Classification: 
Physics 


* The Electric Field 


Basic principles of electrostatics are presented, beginning with 
the concept of a field surrounding a charge and a mathematical 
description of the field in terms of intensity vectors. Discussion 
covers electric induction, capacitance, effects of dielectric, 
mechanical considerations and field effects in practical devices. 


Paul G. Jacobs, ELecrricaL MANUFACTURING, New York. 
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Materials, Electrical /Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Dielectric Requirements in Microwave 
Equipment 


The primary considerations in selection of dielectric materials 
for microwave applications are discussed. A family of silicone 
alloys with controllable properties has been developed. Chara 
teristics and design case histories are given. 


C. L. Petze, Jr., Delaware Research & Development Corp., 
Wilmington, Del. 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


*® Reprints available—see pages 185 and 194 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Control Your Classification: 
Case Histories 

Computers 
Computer Design 


Numerical Controller Uses Magnetic 
Counters 


\ description, with circuit details, of a new controller de- 
veloped for use with a coil-winding machine but equally 
applicable to other similar operations. Simplicity and high 
reliability are provided by the magnetic counting circuits used. 


C. Isborn, Beckman Instruments, Inc., Richmond, Calif. 
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Control Your Classification: 
se Histories 


Design Changes Refine Jig Borer Control 


4 report on the changes and improvements that have been 
made in the design of the numerical control system for the 
Pratt and Whitney No. 4EA Jig Borer. Changes include a 
switch to l-in. punched tape and the addition of a display panel 
to indicate position and telephone dials for manual control. 


Staff Report. 


Electrical Manufacturing 1959 July p 119 3 pp 


Control Your Classification: 
Theory 


Automatic Control System Design — 4 
Design by Transfer Function Methods 


The use of the transfer function of a system in determining 
system stability and response is covered in this fourth article 
of the series. System analyses using the Nyquist criterion and 
the Bode diagram are covered and means of improving pet 
formance by design changes are prescribed. 


Ira Ritow, Airborne Instruments Laboratory, Mineola, N. Y. 
Electrical Manufacturing 
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Components, Mechanical / Structural 
Housings 

Design Considerations 
Space and Weight Factors 


Your Classification: 


Mechanical Aspects of 
Control-Center Design 


Details of the Unitrol concept of industrial motor control- 
center design: a modular assembly consisting entirely of 
standardized components, permits almost wtnlimited original 
design flexibility and subsequent in-field changeability for a 
given control-center installation. 


J. L. Defandorf, Cutler-Hammer, Inc., Milwaukee, Wise. 
Electrical Manufacturing 
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Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


Flame-Resistant Glass-Polyester 
Laminates 


{ study of flame resistance and tracking resistance of glass- 
polyester materials, with emphasis on applications in switch- 
gear design. Tables are given that define physical properties of 
these materials. Indications of useful types of glass-polyesters 
are also presented. 


H. R. Sheppard, Westinghouse Electric Corp., E. Pittsburgh, 
Pa. 


Electrical Manufacturing 
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COMING UP .. 


The August issue’s Basic Science and Engineering insert will 
be a comprehensive examination of The Fundamental Proper- 
ties of Plastics for the Design Engineer. Other articles will 
cover: New Directions in Component Development, Mag- 
netic Cores in Digital Applications, Radiation Effects on 
Some Electrical Ceramics, Fluorochemical Vapor Conduc- 
tion Systems, Numerically Controlled Spot Welding Ma- 
chine, Current-Controlled D-C Motor Drive, Selection of 
Air Filters for Electronic Equipment, Shock Spectrum in 
Mechanical Shock Requirements, and part 5 of the series on 
Automatic Control System Design: The System Equation. 
There will also be a Staff Report on the Penn State Seminar 
on Contacts. 
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High 
Sensitivity 


Small Size 






Reliable 
Performance 


if your control problems involve a light source, look to RCA 


computers, contact your RCA Field Representative for com- 
for the solution. RCA-designed Photoconductive and Photo- 


plete information about RCA Photoconductive Cells and 


junction Cells are manufactured under the strictest quality 
controls to assure dependability and long life. So for appli- 
cations ranging from street-lighting control to high-speed 
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Electron Tube Division 





*ua/watt/meter 


Harrison, N. J. 


Pr RADIO CORPORATION OF AMERICA 


RCA Photojunction Cells. Or for technical data on specific 
types, write RCA Commercial Engineering, Section C-54-Q 
Harrison, N. J. 
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RCA FIELD OFFICES 
*744 Brood St., Newark 2, N. J., HUmboldt 5-3900 
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*Suite 1154, Merchandise Mart Plaza, Chicago 54, IIl., WHitehall 4-2900 
714 New Center Bidg., Detroit 2, Mich., TRinity 5-5600 
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*744 Broad St., Newark 2, N. J., HUmboldt 5-3900 
#244 N. Wilkinson St., Dayton 2, Ohio, BAldwin 6-2366 
#1625 *'K"’ Street, N.W., Washington 6, D.C., District 7-1260 


Research 
Horizons 


New Corrosion-Resistant 
Nickel-Base Alloy 


A nickel-base developed by 
Haynes Stellite Company, Division of 
Union Carbide Corporation, is said to 
resist embrittlement under continuous 
service temperatures up to 1600 F. Ox- 
idation resistance in air for continuous 
operation at 1800 F has been obtained; 
under intermittent conditions the top 
point may reach 1900 F. Originally in- 
tended for use in certain environments 
where exposure to fluorides at high 
temperatures occurs, other application 
pussibilities may be investigated. 

Identified as Alloy N. the new mate- 
rial is said to have good weldability 
and other good working properties. 
Production quantities will be available 
in various forms of sheet. plate. wire, 
castings, ete. 


alloy 


Transistor Amplifier 
for Computer Circuits 


\ regenerative bistable transistor am- 
plifier for computer and similar appli- 
cations is turned on by a clock signal 
when an information signal permits 
and is turned off by the clock signal. 
The amplifier performs its function 
with reduced power requirements for 
the clock signal and circuit operation. 
Power requirements are reduced in one 
way by employing transformer coup- 
ling which increases the collector cir- 
cuit efficiency by eliminating the loss 
of power in the collector load resistor. 

The device is covered by U.S. Patent 
No. 2.862.113. On application it is 
available from the AEC under royalty- 
free non-exclusive license. 


Lagging Standards in 
Instrument Precision 


There has been some disturbing evi- 
dence that the degree of instrumenta- 
tion accuracy in many industrial lab- 
oratories is falling behind the stand- 
ards necessary to meet today’s exact- 
ing testing needs. In some instances. 
the available instruments lag behind 
the precision quality of those used 
abroad. At least one exhaustive indus- 
try survey is being planned. 
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Miniaturization 
—How Far? 


Concentration on miniaturization can 
be carried to a point of limiting (not 
to say vanishing) returns. At recent 
technical meetings, many engineers 
have raised this warning signal. Size 
reduction, weight saving, and related 
factors, do not per se constitute the 
overriding design parameters. Nor do 
performance values alone. Cost and re- 
liability are equally important consid- 
erations. The cost of component design 
in a given system has been estimated 
as close to 80 per cent of the total 
cost. Also to be considered is the cost 


Miniaturization Award Winner: A radio- 
isotopic heat source and a highly efficient 
thermoelectric system are 
combined in the “nuclear” battery shown 
here. Developed by The Nuclear Division 
of The Martin Company, Baltimore. 
Maryland, the battery is the winner of 
the 1958 Miniaturization Award = spon- 
sored annually by Miniature Precision 
Bearings, Inc., Keene, New Hampshire. 
Principal subcontractor for Martin was 
Minnesota Mining and Manufacturing 
Company, St. Paul, Minn. The  5-lb 
generator, named SNAP-111, is said to 
be capable of producing power during 
its expected lifetime equal to that fur- 
nished by nickel-cadmium batteries weigh- 
ing almost 300 times as much. A 100-watt 
generator utilizing the same principles, 
but employing strontium 90 as the source, 
is under development, 


conversion 


of system maintenance (not to say fail- 
ure) due to possible lack of component 
reliability. 


Operator Performance 
With Infrequent Signals 


What is the behavior of human opera- 
tors searching for signals that appear 
only infrequently on a display? An- 
swers to this question are needed to 
eficiently monitor computers, reactors, 
radar and space vehicles. Interim re- 
sults of an exploratory study of such 
monitoring tasks have now been pub- 
lished by the Engineering Psychology 
Branch, U.S. Naval Research Labora- 
tory. 

A previous study with similar tasks 
has shown a decrease in the efficiency 
of signal detection as monitoring con- 
tinues. Still another study concluded 
that detection efficiency improves with 
increased signal frequency. These find- 
ings led to the suggestion (related to 
the present study) that the efficiency of 
detecting infrequently occurring — so- 
called “real” signals may be improved 
by the injection of additional “artifi- 
cial” signals. 

The results of the interim study (The 
Use of “Artificial Signals” to Enhance 
Monitoring Performance, W. D. Gar- 
vey. F. V. Taylor and E. O. Newling. 
NRL Report 5269) have been summar- 
ized as follows: 

e Five experiments were run_ in 
which subject monitored a display for 
signals occurring on one or another of 
several dials over a 2-hr period. 

e The purpose of the experiments 
was to determine the effect of frequent- 
ly inserting artificial signals on the de- 
tection of infrequently occurring real 
signals. 

e In addition, it was sought to de- 
termine the value of giving the sub- 
jects informative and motivational feed- 
back relative to their efficiency in the 
detection of the artificial signals. 

e The results indicated that the ad- 
dition of artificial signals markedly en- 
hanced the 
monitoring infrequently appearing real 
signals. 

e Informative and motivational feed- 


subjects’ proficieney in 


9 





Research 
Horizons 


back relative to performance on the 
artificial signals produced additional 
small but reliable improvements in the 


detection of real signals, 


Purity of 
Materials 


The extreme importance of purity in 
the research and development of new 
materials is receiving increasing atten- 
tion in both industry and government 
laboratories. The establishment of a 
large-scale central research agency in 
this field under 
ship is currently being considered. 


government sponsor- 


Induction Digitizer 


A new series of induction digitizers, 
under development in England by the 
Electronics Division, Telecommunica- 
tion Group, General Electric Company 
Ltd., is intended for use as a rotary 
encoder to represent the angular posi- 
tion of a shaft. The digitizer operates 
by varying the inductive coupling be- 
tween an exciting winding and a num- 
ber of secondary, or digit, windings. No 
photo- 


slip springs, commutators, or 


electric devices are used. Since the 
digitizer is an electromagnetic device. 
it is not subject to the same limitations 


of life and environment as are most 


Research Note 


other types. Two induction digitizers 
have so far been produced: one has 
an output of five binary digits, the 
other gives a five-digit cyclic binary- 
coded decimal output. 


International Conference on 
Data Processing Techniques 


The practical applications of electronic 
calculators are likely to have a great- 
er impact on changes in human society 
than the advent of atomic energy, ac- 
cording to Dr. Jean A. Mussard, execu- 

International 
maintained — in 


tive sec retary of the 
Computation Center 
Rome, Italy, under the sponsorship of 
UNESCO (United Nations Educational, 
Scientific and Cultural Organization). 
Conducted in cooperation with the 
Italian Institute of Higher Mathema- 
tics, the Center provides data-process- 
ing service for nations and groups 
otherwise unable to afford it. 

The widespread interest in the sci- 
ence of data processing was reflected 
by the UNESCO-sponsored Interna- 
tional Conference on Electronic Com- 
puters held in Paris, June 15 to 20. 
Some 1500 specialists were in attend- 
ance, among them many from the 
United States. Papers in the following 


areas were presented: 


a. methods of digital computing 

b. logical design of digital compu- 
ters 
common symbolic language for 
digital computers 

d. automatic translation of languages 

e. collection, storage and retrieval of 


information 


f. pattern recognition and machine 
learning. 
Symposia were conducted on the fol- 
lowing topics: 
a. relationship between digital and 
analog computing 
b. use of computers for weather pre- 
diction 
automatic programming 
numerical analysis on computers 
influence of very large memory de- 
signs and capabilities on infor- 
mation retrieval 
logical organization for very-high- 
speed computers 
methods for solving linear sys- 
tems 
linear programming 
logical organization of very small 
computers 
programming procedures 
k. switching algebra 
|. error detection and correction 
m. machine translation. 


High-Temperature 
Ceramics 


Strength of aluminum oxide single 
crystals (sapphire and ruby) at tem- 
peratures between 600 and 1000 C’ is 
being investigated for the Air Force 
by the National Bureau of Standards. 
The study supports the theory that, in 
properly oriented crystals, plastic de- 
formation relieves stress concentrations, 
thus increasing crystal strength. 
Modulus - of - rupture measurements 
were related to factors affecting crystal 
strength at temperatures up to 1000 C. 
Certain erystal orientation significantly 


Current Trends and Viewpoints in Dielectrics—tl 


} 


Editor's Note {dditional returns on a 
questionnaire received after publication 
of the annual review, “Research Prog 
ress in Dielectrics—1958,” in January 
1959 ELECTRICAL MANUFACTURING. Since 
the comments are off the record, the 


source is not identified A.E.J 


e@ 1. What trends were in evidence at 
various symposia, conferences and meet 
ings on electrical insulation? \t is quite 
evident that there is a desire for more 
knowledge on the 
insulating 


fundamental 
handling and application of 
materials in order to bring out the in- 


proper 


herently good properties of such materials. 
The reasons for this desire for more in- 
formation are many. A very important one 
is the fact that engineers are being re 
quired to design insulation which is thin 
ner, will work harder, and at higher tem- 
peratures. This requires a closer design 
of such insulating materials and better 
functional knowledge of the availab'e prop 
erties. The need for keeping costs in line 
and providing more power per pound in 
a given piece of equipment requires that 


we know more than ever before about how 
our insulating materials will perform under 
actual operating conditions. The safety 
factor is being narrowed down; depend- 
able engineered insulation can take its 
place 

@ 2. Which areas in dielectrics and 
electrical insulation do you think need the 
most study and investigation? A great deal 
of study is needed on Jong-time voltage 
related to performance. 
There is still too much dependence on 
short-time electrical tests to predict what a 
material will do in actual performance. 
Obviously, such voltage endurance data 
should be studied at operating tempera 
tures. In fact, there is not enough time 
being spent on investigating the other 


endurance as 


electrical properties at operating tempera- 
tures and conditions also. To study ma- 
terials at anything but room temperature 
poses many problems: consequently, the 
need for this work tends to be overlooked. 

With the present re-alignment of classes 
of electrical insulation into temperature 
classes rather than by product type, com- 
patibility of various types of electrical in 
sulation becomes a greater design problem 


than ever. Many more different types of 
insulating materials will be used in com- 
bination now than previously if it can be 
shown by test that they will perform 
adequately. 

e 3. What relation do you think has 
been established between such meetings as 
the National Research Council—National 
{cademy of Sciences Conference on Elec- 
trical Insulation and equipment design 
application problems? There seems to be 
a desire in the NRC-NAS Conference to 
move away from the more practical prob 
lems of design and to stay on the research 
side. The effect on equipment design ap 
plications is, therefore, likely to be of long 
range nature. One of the most important 
things that engineers do is to plan their 
activities for five years and even ten years 
from now, because many products and 
designs must start now if they are to be 
completed in a few years. 

However, the NRC-NAS group should 
not adhere too strictly to basic research. 
It is important to keep in mind that the 
basic research and development of insulat- 
ing materials must have eventually some 
practical application for its target. 
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Research Note 


The “Tecnetron’—A Germanium Micro-Amplifier 


Mvucu pusticity has recently been given 
to the Tecnetron, a new field-effect semi- 
conductor device invented by Teszner at 
the C.N.E.T. (Centre National d‘Etudes des 
Telecommunications) Laboratories, Issy-les- 
Moulineaux, France. Although theoretical 
and experimental work has been done in 
the United States on related devices, the 
Tecnetron is unique in that it does not 
employ formed junctions and is symme- 
trical in revolution about its longer axis. 


e Extremely small and cylindrical, the 
device is 2 mm in length by 0.45 mm in 
diameter (Fig. 1). It is made of n-type 
germanium with ohmic contacts on both 
ends. A drastically constricted section near 
one end of the rod receives an indium or 
tin plating to produce a_ metal-to-semi- 
conductor rectifying contact. The metal 
collar is called a grid and is analogous 
to that of a vacuum tube or electron-gun 
structure, 


@ When the device is connected as 
shown in Fig. 2, with the grid negatively 
biased with respect to the cathode end, 
the rectifying contact is reverse biased 
and offers a high resistance. A space 
charge then appears in the annular region 
beneath the indium collar. Because no 
charge carriers are available in this region, 
the effective current-carrying cross section 
is reduced and the anode current decreases. 


e@ In addition to the resistance variation 
in the constricted region with grid voltage, 
there is also a variation of input capacity. 
The metal collar and the conducting por- 
tion of the germanium constitute a capa- 
citor with the charged parts of the ger- 
manium acting as the dielectric. 


affects crystal strength by giving rise 
to plastic deformation at stress con- 
centrations. 

The decrease in strength of poly- 
crystalline aluminum oxide above 800 
C, which is in contrast to results for 
the single crystal, was thought to result 
from stress concentrations caused by 
grain-boundary slip. As these stresses 
are relieved, crystal strength increases. 


Standard Unit for 
Radiation Dosage 


Communications between investigators 
in the field of radiation effects on ma- 
terials may likely be improved, and 
much confusion eliminated, if the cur- 
rent ASTM action in recommending 
the rad as a national standard unit for 
reporting radiation is widely followed. 
This is the hope of the Joint Subcom- 
mittee on Radiation Effects of ASTM 
Committees D-9 (Electrical Insulating 
Materials) and D-20 (Plastics). The 
rad represents 100 ergs of energy ab- 
sorbed per gram of material. It was 
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e Characteristic curves for the Tec- 
netron device are shown in Fig. 3. The 
performance is similar to that of a pen- 
tode. Usable gain has been achieved at 
240 me with a bandwidth of 6 mc; there 
is reason to believe that the limiting fre- 
quency is of the order of 1000 me. 


e@ The field effect was first applied to 
the transistor by Shockley at Bell Tele- 
phone Laboratories. The concept put into 
practice in the Tecnetron depends on ac- 
centuating the effect considerably by apply- 
ing it around the whole perimeter of a 
constricted section of the semiconductor 
rod. This may be thought of as replacing 
a linear effect (along one dimension) by 
a quadratic effect, the action being stronger 
for a circular cross section than for a 
square one. There is thus formed a barrier 
layer; leaving a conducting funnel on the 
cathode side of the rod. The conducting 
area is more or less elongated, depending 
upon the anode voltage. 


e In his paper, “A Theory of the Tec- 
netron,” presented at the 1959 IRE Na- 
tional Convention, Dr. A. V. J. Martin, 
Carnegie Institute of Technology, presents 
a simplified analysis of the device in terms 
of the work previously done in this coun- 
try on plane structures. The effect of the 
grid voltage is investigated with par- 
ticular attention to the internal resistance 
variation and the input capacitance. The 
effect of the anode voltage is analyzed, 
especially in regard to anode currént, 
anode resistance and input capacitance. 
The transfer characteristics, particularly 
the mutual conductance, are obtained by 
combining the effects of grid and plate 
voltages. —P.C.J. 
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selected as the preferred unit because 
it is independent of the kind of ion- 
izing radiation used (X-rays, gamma 
rays, beta rays, neutrons, etc.) as well 
as of the type of materials being ir- 
radiated. 

The Joint Subcommitee was also 
moved to its action by the fact that in 
1953, when the International Commis- 
sion on Radiographic Units had adopt- 
ed the rad as a new unit of absorbed 
radiation, it was expected that the rad 
would eventually supersede the rep, 
widely used at that time. The rep is a 
modification of the Roentgen unit 
(Roentgen equivalent physical). 


You Are Invited... 


We are interested in your reports 
dealing with your work in: 

e materials, components, and asso- 
ciated processes 

e design theories 

e in fact, the entire spectrum of re- 
search and development activity relat- 
ed to electrically energized and elec- 
tronic equipment design. 


Fig. 1—Teenetron configuration and di- 
mensions. The constricted portion of the 
germanium rod includes an idium or tin 
collar which provides a rectifying con- 
tact and constitutes the control electrode. 


Fig. 2—Teenetron cireuit diagram. 


Fig. 3 


Tecnetron resemble those of a pentode. 


Dynamic characteristics of the 


seein 


> Contributions may be brief—50 to 
100 words 
formation is offered, a problem posed, 
a critical viewpoint presented. Such 
items will be published with credit to 
you or your company as the source, 


so long as significant in- 


ol they may be considered off-the-rec- 
ord if so requested. 

> Longer reports (up to approximate- 
ly 1000 words) are particularly wel- 
come as Research Notes. These reports 
may include graphs and tables. Pre- 
liminary research or evaluation data are 
quite acceptable. Research Notes, if 
accepted and published, will appear 
over your byline and you will receive 
an honorarium. Publication in Research 
Horizons gives you the opportunity of 
getting advance news of your impor- 
tant research projects into print. 

> Contributions for Research Hori- 
zons may be addressed simply to: Editor, 
“Research Horizons,” Electrical Manu- 
facturing, 1250 Sixth Avenue. New 
York 20, N. Y., or to any of the in- 
dividual editors with whom you cus- 
tomarily have contact. —A.E.J. 
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THERE ARE NO 
OTHER SPEED 
DETECTING 


SWITCHES LIKE 


ats) TORQ 


SYNPROTEX 





TYPE | 


(AUTOMATIC) GOVERNS NAR- 
ROW SPEED BAND such as re- 
quired on computers, series wound 
motors, generators... 


TYPE Il 


(AUTOMATIC) DETECTS HIGH 
AND LOW LIMITS OVER WIDE 
SPEED BAND — Cuts out motor 
starting windings, protects furnaceand 
electronic cooling blowers against 
over and under speed, maintains pro- 
per speeds of inter-related equipment, 
sequences equipment operations... 


TYPE Ill 


(MANUAL RESET) DETECTS A 
SINGLE SPEED —Safety device... 
used where mechanical resetting is 
desired. Can signal danger or automa- 
tically cut out operating circuit. 


TYPE IV 


HOUSED SWITCHES — Permits 
independent mountings, internally or 
externally, without design change. 
Standard housings accept any number 
of separate switches of any above 
type or combinations. Custom hous- 
ings on order. 


ae 
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STANDARDS FURNISHED FOR 
SPEEDS FROM 0 TO 15,000 


TOLERANCES TO 1/4 of 1% 


GUARANTEED UNIFORMITY 





SINGLE DETECTOR 


TO DETECT SELECTED 
SPEEDS WRITE TO 


TORQ 


ENGINEERED PRODUCTS, Inc. 


34 W. Monroe St., Bedford, Ohio 
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Pius or Minus 


Random Comments of the Editors and Readers 


Use of Slow-Burning 


Plastics in Air Conditioners 
Earlier in the year certain proposals 
were made by the Underwriters’ Lab- 
oratories, Inc., that were construed 
placing some restrictions on the use 
(so-called “combust- 
ible”) plastics in air-conditioning 
These 
parently misinterpreted and seemed to 
considerable both 
manufacturers of appliances and the 
plastics industry itself. 

In erder to eliminate misunderstand- 


of slow-burning 
equipment. proposals were ap- 


cause concern to 


ings and to clarify the intent of the 
Underwriters’ Laboratories, a joint 


with Industry Advisory Con- 
ferences for Room Air-Conditioners and 
Basic Plastic Materials was held on 
April 30. The following official bulle- 
tin was released to the Casualty and 
Electrical of Underwriters’ 
Laboratories, Inc., and Listees of Room 
Air-Conditioners. It is reproduced here 
by permission of the 
Laboratories, Inc. 

“The proposed 
conditioning 


meeting 


Councils 


Underwriters’ 


requirements on air- 
apparently 
been widely interpreted as a move on the 
part of Laboratories, Inc. 
to eliminate the use of slow-burning plas 
This was not the 


equipment have 
Underwriters’ 


ties in listed equipment. 


intent, so this supplementary bulletin is 
being addressed to all manufacturers of 
listed air-conditioning equipment in an 
effort to place the proposals in proper 


perspective. 

“Underwriters’ Laboratories is concerned 
solely with the hazard of materials as used 
in equipment, regardless of the materials. 
Any manufacturer of 
equipment to be 


air-conditioning 
submitted for investiga- 
tion, with a view towards listing, is priv- 
ileged to propose any materials he sees 
fit, and those materials will be judged by 
the Laboratories on the basis of the fun- 
damental policy just mentioned. If, how- 
ever, the planning to 
material in equip- 
material has 
would be desir- 
able to submit this equipment in prelim- 
inary form prior to tooling for production, 
to avoid expensive changes should changes 
be found necessary. 

“With specific reference to the proposed 
it is pointed out that some 
new models of air-conditioners were sub- 
mitted for investigation and comments 
were made on features of construction that 
changing before listing could be 
These comments related to the 
use of slow-burning plastics, and the man- 
ufacturers suggested that it would be help- 
ful if the industry were provided with 
guidance on the use of the materials to 


manufacturer is 
substitute combustible 


ment where noncombustible 


been used previously, it 


requirements, 


needed 
extended. 


indicate constructions that might be a 
cepted without the necessity for further 
investigation. It was in this spirit that the 
situation was discussed with the Industry 
Advisory Conferences and proposals sent 
to all subscribers for review and comment. 

“Questions have now been asked on two 
specific uses of thermoplastics as an in- 
dicator of thinking of the Laboratories’ 
staff. One was whether slow-burning knobs 
would be acceptable on air-conditioning 
equipment where no other combustible 
materials were used in the interiors of the 
equipment. The answer was definitely that 
such knobs would be acceptable. 

“The other question was whether grills 
or decorative fronts of slow-burning ma- 
terial would be accepted in air-conditioning 
where no other combustible 
materials were used on the interiors and 
from the electrical system, so that 
any failures in that system would be un- 
likely to ignite the grills. The answer was 
that such grills would be acceptable. 
These slow-burning materials may be used 


equipment 


away 


under other conditions depending on the 
design of the equipment. 

“It is hoped that this explanation will 
help toward understanding of the proposals 
that have been widely misinterpreted.” 


Specification ‘‘Safety’’ Factors 
“Unfortunately, the law of supply and 
demand does not stress cost and de- 
livery. so that if a stringent specifica- 
tion exists, an attempt will be made to 
A circuit designer requires a 
50.000 


components 


meet it. 
relay capable of 
maximum. The 


operations 

engineet 
is requested to write a specification al- 
lowing a safety factor of 100 per cent. 
The purchasing agent is advised to 
procure the relay with a safety factor 
of 100 per cent (over the specification). 
The relay 
inquiry for 
be good for 200.000 
covers that one of his standard in-stock 
units will meet all requirements ex- 
cept that it is rated for 50,000 opera- 
tions (probably with the usual 100 per 
cent safety factor). The purchasing 
agent is advised that the relay he wants 
can be made, but at high cost and an 
allowance of six to eight weeks for 
tooling!” (John Schmidt and W. War- 
ren Wright, Guardian Electrical Manu- 
facturing Co., at the recent Oklahoma 
Relay Conference.) 


manufacturer, receiving an 
a relay now stipulated to 


operations, dis- 


“Operation Button Jar” 

{ unique idea to obtain needed equip- 
ment for scientific laboratories in uni- 
versities has been launched in Cleveland 
by Reese and Miller, Inc., a Cleveland 
firm specializing in the preparation of 
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Elevator door operating torque 
motor. Frame 33% x 1% 


Four-pole permanent split 
capacitor motor for busi- 
ness machines. Frame 2'/2 
square x 1% 





%, Horsepower two-stage 
“by-pass” unit (motor sep- 
orately ventilated) for light 
duty commercial vacuum 
cleaners. 





Gearmotor with one spur 
gear and one worm geor 
stage giving right angle 
drive for business ma- 
chines, Frame 3% x 1% 


NEW! 


8-page Folder 
describes these 





Y and other Lamb 
motors. Send for 
o your copy. 


Totally enclosed fan-cooled 27 
a“ volt DC motor for dry air pump 


drive. Frame 3% x 1% 
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for your power-driven 


product with 


Lomb Eletie 


rractionat norserower MOTORS 


You get the right motor to assure the 
product performance desired... 


You get the right motor to meet weight 
and space requirements... 


You get the right motor cost-wise, too, 
because... 


Lamb Electric motors are engineered 
to the application and mass-produced to 
obtain the most favorable cost. 


May we demonstrate these advantages of 
our nearly half-century of experience 
in the small motor field? 


THE LAMB ELECTRIC COMPANY 
Kent, Ohio 
A Division of American Machine and Metals, Inc. 


In Canada: Lomb Electric 
Division of Sangamo Company Ltd.—Leaside, Ontario 





Two-pole 60 cycle AC 
motor incorporating pro- 
peller fan and high speed 
blower driven through 
step-up gear train. Frame 
4Y%aexnl% 
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technical literature. The project is 
being conducted at first in conjunction 
with Case Institute of Technology, 
Cleveland. 

The main purpose of “Operation But- 
ton Jar” is to gather discarded material 
and equipment from industry, reclassify 
it, and distribute it to colleges for use 
in their laboratories. The project re- 
ceived its name from the old-fashioned 
household button jar that used to be 
the housewife’s main source of odds 
and ends so necessary to perform the 
“stitch in time.” 

The range of odds and ends needed 
by engineering colleges covers every- 
thing from nuts and bolts to relays and 
vacuum tubes. Industry can draw upon 







three primary sources to provide the , 
needed “buttons”: one is manufacturing 
rejects, another is product samples, 
and the third is discarded plant equip- 
ment still in useable form. . 
Among the items initially requested 
are assorted sizes of hook-up wire, 
relays, solenoids and limit switches, 
meters, rheostats and timers, valves, 
power transmission equipment. fasten- 
ing devices, control devices, electronic 
hardware, technical books and bound 
periodicals. 
The trial period with Case is being 
; ; i used to establish practical procedures. 
altitude moisture resistant Later the project will be expanded so 
that equipment can be distributed to 
AMPHENOL MinniE connectors are the first true ther engineering colleges. —F.J.0. 
miniature “E” types—the only miniatures able to 
pass the new, exacting altitude-moisture immersion ° *« + «4 «+ © © © *@ 
test. In this test mated, wired connectors are 
immersed in salt water and altitude cycled to 
80,000 ft. for one minute, 65,000 ft. for one-half 
hour and then returned to ground pressure for eens 
another half-hour. MinniE insulation resistance nai << ae 
after this test is a minimum 1000 megohms. Manufacturing 
In aircraft, in missiles and in exacting ground and 
sea applications AMPHENOL MINNIE connectors 
will provide outstanding service. Any company 
working with environmentally-resistant 
connectors is invited to write for complete 
VinniE information. 
’ 


nitized end grommet 
stainless steel bayonet 
slots and pins, hooded 
socket contacts are other 
Minni E features. 





The line integral, spherical-coordinate 
system, and vacuum-tube interelectrode 
capacitances making up this month’s cover 
design reflect the scope of this month’s 
Basic Science and Engineering article. 
ee * “The Electric Field.’ which begins on 
CAMPHENDL) connector vivision yap ‘SH. he tathele suenaey a Mine 

—— es e sion of the electric field and field effects 

Amphenol-Borg Electronics Corporation CHICAGO 50, ILLINOIS in practical devices used in electrical 

and electronic machines, appliances and 
{| equipment. 
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‘ LIBRASCOPE 
CONDITIONS: VARIABLE . 
SHAFT-TO-DIGITAL ENCODERS 
ACCURACY: CONSTANT ae ; 
meet and surpass rigid requirements of air- 
borne analog-to-digital translation despite 
environmental extremes. Shock, vibration, and 
severe temperatures do not affect their con- 
tinuous, noise-free operation. 


THEY'RE DIRECT Librascope encoders provide 
a simple, one-step means of digitizing analog 


data. 

Hit e THEY'RE RUGGED Operation is unaffected by 
cy { 30g shock, 0 to 2000 cps vibration, through- 
U f out a range of —55° to +100°C. 


THEY'RE RELIABLE Multi-million turns at high 
spgeds with constant contact resistance. 


FWev'RE versaTice 14 basic models in a wide 
, “range of capacities with special function codes 
“bitilt into simplify computer requirements. 
pein: 





me 





MODEL 740 MODEL 713 MODEL 758 MODEL 724 MODEL 708 
TOTAL RESOLUTION DIMENSIONS 
OUTPUT CODE MODEL NO. @ CAPACITY PER TURN DIA. x LENGTH 






















PARALLEL 10 bits (1024) 46" X2% 

BINARY 13 bits (8192) 2” x 3"%” 

(LINEAR) @AIl models available with internally mounted 
~~ 7 bits (128) 2”x 28%," isolation diodes for sequential multiplexing ap- 

a 13 bits (8192) 2” x 3"%,” plications. 

(LINEAR) c a eee : mee tAvailable in hermetically sealed servo-driven 


canaaeeineae package as Models 757-S and 758-S. 








7 bits per quadrant* 




























SERIAL (4 quadrants) *Including limit 1 and polarity information. Sine 
ee 8 bits per quadrant* 4%y"x3%,” and cosine functions generated simultaneously 
(SIN-COS) (4 quadrants) - and independently. One turn of shaft generates 
se ~ 2,000 3%" x 42%," 4 quadrants of information. 
3,600 34” x 42%,” For full details on Librascope 
DECIMAL ” ” 
(8-4-2-1) 36,000 3%," x 6% shaf digital lows it 
360,000 3%," x 6%” shaft-to-digital encoders write 
8 bits (256) 346” x 11%,” for catalog E 11-1. 
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For information on.career opportunities at A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORAT 


Librascope, write Glen Seltzer, Employment Manager. LiBRASCOPE, INC. 40 East Verdugo Avenue Burbank, Calif 
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When you need 


Sprague—the world's largest capac- CA PA C ; T 0 R S 


itor manufacturer—offers a com- é = a 
' : for air-conditioners, refrigerators, motors, 
plete line of motor Capacitors to 


answer any equipment engineer- compressors, heat pumps, specialty transformers, 
ing problem. The types shown voltage regulators, controls, and 
below cover a wide variety of general purpose a-c applications 


application requirements. Take 


your pick—they're all tops in you get fast delivery 


value and performance! 


from SPRAGUE 


A-C ELECTROLYTIC CAPACITORS 
for motor-starting service 


e@ withstand humid atmospheres 

e rugged phenolic cases 

e single or dual blade terminals to fit female quick-connectors 
e all popular ratings and voltages 

e Bulletin No. 4000A 


Bi 


SOM 2 a 


oe Ret we ten See 


CLORINOL® CAPACITORS 
for motor-run service and general a-c applications 


drawn seamless steel cases for extra strength and compactness 
double-rolled cover closure eliminates ‘‘pop-outs”’ 

leakproof welded terminal assembly 

all ratings, three case styles 

available with metallic and lacquer finishes to customer 
specifications 

e Bulletin No. 4500 
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KOOLPAK® CAPACITOR ASSEMBLIES 
complete motor-start, motor-run assemblies 
for air-conditioners 


cooler operation extends capacitor life 

no trapped moisture to corrode metal parts 

unique plug-in design simplifies assembly , 
compact construction saves time and production costs 

available with metallic and lacquer finishes to customer 
specifications 

@ Bulletin No. 4900A 





Write for Engineering Bulletins on the types in which you are interested. 


Application assistance is also available without obligation. Address request zi ® 
to Technical Literature Section, Sprague Electric Co., 307 Marshall St., 
North Adams, Massachusetts. | 


THE MARK OF RELIABILITY 


CAPACITORS ® RESISTORS ® MAGNETIC COMPONENTS ® TRANSISTORS ® INTERFERENCE FILTERS ® PULSE NETWORKS 





SPRAGUE COMPONENTS: 


HIGH TEMPERATURE MAGNET WIRE ® CERAMIC-BASE PRINTED NETWORKS ® PACKAGED COMPONENT ASSEMBLIES 
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OPEN OUT FOR CONVENIENCE 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by September |, 1959 
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183 210 264 | 291 318 345 372 
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IN CHECKING INQUIRY CARDS 


Advertised Products 


Circle key numbers of those advertisements if 
you — more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 222. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 202. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 185. For Special Reprints, see 
Order Form on page 194. 


Not good after September |, 1959 
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ADVERTISED PRODUCTS OR SERVICES 
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OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by September |, 1959 










READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORK 17, N. Y. 





Inquiry Cards from any page in issue 






Advertised Products 
Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 222. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 202. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 185. For Special Reprints, see 
Order Form on page 194. 


FIRST CLASS 
PERMIT NO. 16734 


NEW YORK, N. Y. 















oc 6S ee eT ee ee ey ee, 





Principal Product Manufactured 





OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


READER 


INQUIRY FIRST CLASS 


PERMIT NO. 16734 


SERVICE NEW YORK, N. Y. 


FIRST CLASS 
PERMIT NO. 16734 
NEW YORK, N. Y. 








BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORK 17, N. Y. 


READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORK 17, N. Y. 











E-I hermetically sealed terminations and custom sealed 
components have proven their ability to withstand the 
extreme environments encountered in today’s critical 
applications. In addition to their complete dependability SS . 


‘ ; ene : . Plug-in Single 
in all types of commercial and military service, E-I healore oe Some aoe 


offers engineers wide design latitude... a complete line 
of standard seals, custom design service on “specials” 
...and custom sealing of components of your own 
manufacture. Check your next seal requirements with 


E-I, or request catalog on standard terminals, now! Transistor Color-coded Multiple Threaded 
Closures Terminals Headers End Seals 


ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc. MURRAY HILL, NEW JERSEY 
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Pressure cover design simplified. Two axially assembled Truarc Series 
5002 beveled rings eliminate 27 bolts, reduce machining and assembly time from 
78 to 14% hours and make possible drastic size and weight reductions. Rings 
retain two covers of a pressurized x-ray unit. Savings: about $500 per unit. 





Parts eliminated in slide as- 
sembly. Two radially assembled 
Truarc Series 5139 Prong-Lock® Rings 
provide proper spring tension, eliminate 
looseness and wobble in this office cal- 
culator shift-slide. Original design called 
for a cut washer, spring washer, and 
cotter pin — all eliminated. 





at 





New way to install electron- 
tube sockets. Easy-to-apply Truarc 
Series 5101 bowed external rings lock 
tube sockets to chassis plate in this 
assembly. Bowed construction takes up 
tolerances of molded grooves, thickness 
of base. Individual sockets are remov- 
able for field service. 


Quarter-turn clamp improved. A bowed washer and two locknuts were 
eliminated in this quarter-turn jig-and-fixture clamp by a Truarc Series 5131 
bowed E-ring. The radially assembled ring holds the screw captive, provides 
required rotational drag between parts with sufficient tension to insure tight fit 
when the screw is first engaged. Typical savings: $1.35/unit—assembly up 70%. 


Truarc rings for 
end-play take-up 
offer significant 
design advantages 


A number of Truarc retaining rings are available to 
take up end-play or loose fit caused by accumulated 
tolerances and wear. The rings often eliminate spring 
washers, collars and set screws, nuts, bolts, rivets, 
cotter pins and other conventional fastening devices 
with outstanding cost savings in machining and 
assembly time. 

Truarc retaining rings designed to deal with the 
end-play problem are of two general types: bowed 
rings for resilient end-play take-up and beveled rings 
for rigid end-play take-up. 

Bowed retaining rings are widely used for pre- 
loading bearings, preventing vibration or oscillation 
in linkages, providing tension on adjusting screws. 
Of particular interest is the radially installed Truarc 
Prong-Lock® ring which locks securely to the shaft 
by means of two prongs. It provides exceptional 
thrust load capacity, may be used as a shoulder 
against rotating parts, and often eliminates springs, 
bowed washers and other tensioning devices. 

In beveled rings for rigid end-play take-up, the 
groove-engaging edge is beveled at 15°. There is a 
corresponding bevel on the load-bearing groove wall. 
To take up end-play, the ring acts as a wedge be- 
tween the outer groove wall and the part being re- 
tained. 

These are just a few of the 50 functionally dif- 
ferent types of Truarc retaining rings. They come in 
up to 97 standard sizes, six metal specifications, 
13 different finishes. The entire line as well as ac- 
cessory assembly tools, grooving tools, and over 
70 typical applications are shown in the new catalog 
RR 10-58. Write for your copy today. And remember 
Waldes Truarc engineers are always ready to work 
with you on your specific projects. Waldes Kohinoor, 
inc., 47-16 Austel Place, Long Island City 1, N.Y. 


©1959 WALDES KOHINOOR, INC. 9,12. 


Vy TRUARC 


<\ RETAINING RINGS 


Walides Kohinoor, inc., Long Island City 1, N. Vv. 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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Sees =A Division of Philips Electronics, INC. MURKAT MILE, NEW JENOE? 
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LIGHTER 





Hit Ih_ .. AND MAKES A 
( |’ |’ |. STRONGER GRILLE 
| WHEN DIE CAST with 





Each half of this substantial 1959 RAMBLER grille is made of a 
single light-weight zinc die casting—for strength and rigidity—with 
long-lasting chromium plating. 

Compiete with integrally cast lamp housings and mounting studs 
for rapid assembly, the grille on this popular American Motors 
automobile is designed for appearance, durability and economy. 

As in many other applications, rugged but extremely thin wall 
sections—possible only with ZINC die castings—minimize weight 
and are stronger in proportion to thickness than heavier sections. 

Parts designed for ZAMAK alloy die casting will meet competition 
of either stampings or aluminum castings—and at lower cost. 





HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY aanse MAD PRODUCT 


Ge | 160 Front Street . New w York 38,N.Y.  Negtieepen si ad 
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It takes Tough Testing to 
build Timing Performance 







When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 
because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 









tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec- 
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in- 









spected or physically tested after every operation that 
can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 


and timing devices. All units are performance tested 









for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 







are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 






all new designs and periodic samplings from production 






are subjected to special “life endurance”’ tests in which 
hundreds of units are run continuously under various 
load conditions. In some instances, units have now been 

. . proving 






running ceaselessly for more than 10 years . 







their ability to perform millions of cycles without failure! 






When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 


Timing Specialists have the experience, knowledge and 
facilities to supply devices designed, produced and 


tested to meet your needs exactly and perform accord- 


ing to your specifications. 
For further information, write now, outlining your 












timing requirements. 










DIVISION OF 
GENERAL TIME CORPORATION 







2531 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


Haydon 
AT TORRINGTON 
Headquarters for Timing 
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TIME DELAY 
TIMER 


Provides time delay in ranges 
up to 9.5 minutes. Ideal for 
. 


such applications as the 
protection of power tubes 


and/or operating preset 
operating cycles. Available in 


120 or 240 volt, 50 or 60 
cycle current. 





400 CYCLE 
MOTOR 


These split phase motors 
provide the military an 
accurate approach to timing 
control for military 
applications. Rotor speed is 
3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 





CYCLE TIMER 


These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 
pole, double throw switches 
for 120 and 240 volt operation, 


for 50 and 60 cycles. 
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MILITARY AND 1 N 
HERMETIC AUDIO AND POWER 


UTC stock hermetic units have been fully proved to MIL- 
T-27A, eliminating the costs and delays normally related 
to initial MIL-T-27A tests. These rugged, drawn case, units 
have safety factors far above MIL requirements, and are 


Typical 
Miniature Audios 


RC-25 Case 
61/64 x 1-13/32 x 1-9/16 
1.5 oz. 


MIL 
Type 


Type 


No. Application 


Pri. imp. 
Ohms 





4-20 ~ Single plate to 2 grids, can 


also be used for P.P. plates 


TF4RXLSYY 


15,000 split 


Type 
No Application 


Mike, pickup. line to grid 
Mike to grid 

5 Single plate to PP. grids 
3 «Single plate “to P.P. grids, 
OC in Pri. 

Single or P.P. plates to line 
Mixing and matching 


Transistor interstage — 


1 
H-2 
H-5 


ies 


ideal for high reliability industrial applications. 
below are a few of the hundred stock types available for 
every application. industrial ratings in bold. 


MIL 
Type 


Pri. imp. 
Ohms 


Sec. Imp. 
Onms 


OC in 
Pri. 


MA 2 db (Cyc.) 





TF4RX10YY 
TF4RX11YY 
“TF4RXISYY 
TF4RX15YY 


~ TF4RX13YY 


TF4RX16YY 
TF4RX13YY 1 





Transistor to line 





Unbal. 
Sec. imp. OC in 
Onms Pri. MA + 2 


Response 


TF4RX13YY 


50, 200CT, 500CT 
82 

15,000 

15,000 


~ 20,000 CT io 


150/600 
10K/2.5K, Split 


1,500 CT 


Max. levei 
b (Cvc.) dbm 





80,000 split 0 


30-20,000 + 


12 








“Single plate to P.P. grids, 
OC in Pri. 


Single plate to multiple line 


H-21 
H-22 
H-23 PP. plates to multiple line 
H-24 = Reactor 


H-25 Mixing or transistors to line 


Typical 
Subminiature Audios 


SM Case 
1/2 x 11/16 x 29/32 
in ey a 


TF4RXL5SYY 


TF4RX13YY 


TF4RXL3YY 
TF4RX20YY 


TF4RX17YY 


15,000 80,000 split 8 100-20,000 


+23 





15,000 50/200, 8 


125/500 


50/200, 8 
125/500 


450 Hys.-0 DC, 250 Hys.-5 Ma. OC, 6000 ohms 
5 Hys.-10 Ma. OC, 1500 ohms 


500 CT 


50-20,000 


30,000 split 30-20,000 


500/125 split 20 40-10,000 


Type 
No Application 
H-31 Single plate to 1 grid, 3:1 


H-32 Single plate to line 


MIL 

Type 
TF4RX15YY 
TF4RX13YY 


+25 


Pri. imp. 
Ohms 


50,000 
135,000. ~=SS 

95,000 CT 

95,000 split 


150/600 
600 CT 


___4K/1K split _ 


500/125 s split 


0 50-10,000 
50 
0 
wg 


250-8,000 
50-10,000_ 
}_200-10,000 


~ 200-10,000 
50-10,000 


~ 100-10,000 


te 

0 

“4 100-10,000 

. ___—¥ 


te 


Typical 


Listed 


dbm 
+5 


+18 


+ 5 


+11 


+20 


"ae 
+o 


Compact Audios 


RC-50 Case 
1-5/8 x 1-5/8 x 2-5/16 
8 oz. 


Sec. imp. 
Ohms Pri. 


90,000 0 
200 3 


OC in 
MA +2 


300-10,000 


Response Max. level 
ab (Cyc.) dbm 


300-10,000 +13 
+13 








4-33 


TF4RX13YY 


50 1 


300-10,000 +15 





Single plate to low imp. 
H-35 


TF4RX20YY 


100 Henries-0 DC, 50 Henries-1 Ma. OC, 4,400 ohms. 





Reactor 
H-36 Transistor interstage 


H-39 Transistor interstage 


__TFA4RXISYY | A 
TF4RX13YY 10,000 CT (OCR600) 


25,000 (OCR800) 


Military Rating 
Fil. Secs. 
6.3V,2A 
6.3V,3A-5V,2A 


6.3V,4A.-5V,2A._ 


HV Sec. 
cT 

_ 450 = 
500/550 _ 
540/600 


65/55 
110/65 __ 


H-40A_ Transistor output 


industrial Rating 


OC MA* Fil. Secs. 


TF4RX17YY 


130 
75/65 
~ 180/100 _ 


6.3V,2.5A. 


__6.3V,3A.-5V,2A._ 
6.3V,4A.-5V,2A. 


500 CT (DCR26) 


FA 
HA 


JB 





170/110 
320/280 


700/750 _ 
__ 850/1050 


Test 
Volts 


10 KV 
10 KV 


Sec. 
Volts 


2.5 
2.5 


Amps. 
__10(12) 
20(26) 


5 __:10(12) 
6.3 CT 6(.75) 


10 KV 
1500 


6.3V,5A.-6.3V,1A.,5V-3A. 





210/150 


6.3V,6A.-6.3V,1.5A.-5V, 4a. 


6.3), 8A.-6.3V,4A.,5V-6A. 


400/320 


Sec. 
Volts 


63CT | 
6.3 CT 
6.3 CT 
Coun | 
oer 


Type 
No _Amps. 
2(2.5) 


67) 
r 60) 


7(8) 
~10(12) 


 H-131 


H-133_ 
H-134_ 


MIL 
Type 
TFLRXO4FB 
TFLRXO4HB 
TFLRXO4KB ll 
TFLRXO4MB-—si100 


TFIRXO4YY 7 


ind. @ 
Hys. 


20 
ll 


MA 
oc 


40 
100 


300 


6.3V,8A.-6.3V,4A.-3V,6A. 


Test 
Voits 


~ 2500 


2500 


oe 


2500 


Case 
FR 
a a 


MA 
oc 


60 


ind. © 
Hys. 


15.5 
75 150 
8.5 250 
8 390 
6 1000 


1,900 (DCR110) .5 
2,000 CT 2 
600 CT 


ind. 
Hys. 


10 
5.5 
6.5 
6.5 
5.5 


~ 300-10,000 
300-10,000 


+ 
+15 


300-10, 


Typical 
Power 


Transformers 


+15 


Pri: 115V 50/60 Cyc. 


*Choke/Cond. inp. 


Typical 
Filament 


Transformers 
Pri: 105/115/210/220V 


except H-130 (115) 


and 


H-131 (115/220) 50/60 Cyc. 


Res. 
Ohms Ch. input 


350 500 
150 700 
90 

60 2000 
20 «3 


RMS 
2500 
2500 
2500 
5500 


3000 9000 


Max. OCV Test V. 


Case 


UNITED TRANSFORMER CORPORATION 


Fa 


And Special Units to 
Your Specifications 


150 Varick Street, New York 13, N. Y. 


PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: 
Circle 116 on page 17 


16, CALIF. 
“ARLAB” 





Plaskon | 


eee ae 


Encapsulation with 

putty-type Alkyd satisfies 

need for reliability by 

resistor maker and customers. 


Today’s creative engineers design with 
PLASKON Alkyd in mind for the man- 
ufacture of delicate electronic compo- 
nents. Here are reasons why electronic 
engineers prefer PLASKON putty-type 
Alkyds as the encapsulation medium: 


e Simple to fabricate . . . molds quickly 
at extremely low pressures... permits 
rapid production cycles. 


e Clean to handle... nothing to mix. 


e Dimensional stability prevents dis- 
tortion or damage to delicate inserts. 


Coefficient of linear thermal expan- 

sion is similar to that of popular wire 
alloys...reduces strain in service... 
aids the functioning of encapsulated 
units. 
e Thermal conductivity helps to dissi- 
pate heat faster, resulting in less change 
in resistance value before and after 
encapsulation. 


» Available in colors, for coding. 


e More economical than most encapsu- 
lating processes. 


ommendat ; 
niqt y | 1 
i Oo 
requirement Telept f llied 
r write t 


Plaskon representative « 


PLASTICS AND COAL CHEMICALS DIVISION hemical 
40 Rector Street, New York 6, N.Y. 
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New line of precision sub-miniature DC motors 
with optional speed governors and gear trains 


The new Cramer Type 810 sub-minia- 
ture DC motors have been perfected to 
meet the growing need for a unit com- 
bining very light weight with high effi- 
ciency and accurate speed control, in a 
standard %” cylindrical frame. These 
motors are available with or without 
speed governors and gear trains, offer- 
ing the user an exceptionally wide 
choice to meet most application needs. 


Operation 


Type 810 motors, without the addition 
of a speed governor, have a nearly 
linear relationship of speed to applied 
voltage, and of speed to load or torque. 
Precise control of armature winding 
permits an unlimited selection of oper- 
ating characteristics in terms of these 
three basic factors. In the ungoverned 
versions, accurate speed control can 
easily be obtained by varying the ap- 
plied voltage below the rated maxi- 
mum. Efficiency remains high over 
virtually the entire operating range. 


Speed Governors 


These are of the internal, vibrating- 
reed type, regulating motor speed on 
the basis of average power supplied to 
the armature circuit, and require no 
separate brushes and no external arc- 
suppression network. The effective 
degree of speed regulation will depend 


on several factors in each instance. In 
general, however, under a combination 
of load and voltage variation the speed 
will not vary more than +2% with a 
+20% voltage change and a +50% 
load change from nominal. The speed 
at which the unit regulates is set accu- 
rately at the factory, to meet the user’s 
specified requirements. 


Gear Trains 

The addition of a gear train provides a 
wide range of output shaft speed reduc- 
tions, with a corresponding increase of 
available output torque to a maximum 
continuous load of 50 ounce-inches. 
Seventy-three different gear ratios are 
available, from 48:1 to 13,000:1. 


Features 
OPERATING VOLTAGE— any specified DC 
voltage from 3 to 30 volts. Armature 
is wound for the specified voltage, load 
and speed. 


OuTPUT SPEEDS — no-load speeds from 
5,000 to 20,000 rpm, with different 
armature windings as required by the 
application. 


SPEED REGULATION (governed) — +2% 
for +20% voltage change and +50% 
load change from nominal. 


ARMATURE — precision ground, Mylar 
insulated, lacquered and baked. 


TYPE 810Z 


COMMUTATOR — molded type, ground 
and polished. 

BRUSHES — Cartridge type for easy re- 
placement, with springs soldered to 


brushes and holders to insure positive 
electrical connection. 


MAGNET — Alnico VI, with machined 
pole pieces. 


BEARINGS — precision ball bearings, life 
lubricated to meet the specific require- 
ments of the application. 


SHAFT — type 416 stainless steel. 


GEAR TRAINS — precision-cut 120 pitch, 
integrally hobbed with pinions to mini- 
mize eccentricity. 


HOUSINGS — anodized aluminum. 


weiGuts — from 2.1 oz. to 4.7 oz., 
depending on choice of speed governor 
and gear trains. 


THREE OTHER BASIC DC MOTORS OF BROAD USEFULNESS 


OPEN-FRAME MINIATURE TYPE 820 


Type 820 resembles Type 810 (above) in 
its basic operating characteristics, and is 
even smaller in size and lighter in weight. 
Available only in standard form, without 
speed governor or gear train, it operates 
on any specified DC voltage from 3 to 30 
volts. No-load output speeds range from 
5,000 to 30,000 rpm, depending on arma- 
ture winding. Special magnet design per- 
mits an extremely light weight of only 1.4 
oz. DETAILS IN BULLETIN PB-820. 


13(, CYLINDRICAL TYPE 830 


Type 830 is a slightly larger version of the 
basic %” motor (Type 810), permitting 
larger load capacity at equivalent speeds, 
and is offered with or without speed gov- 
ernors. Armatures are wound for any spec- 
ified voltage from 3 to 30 volts DC. No- 
load output speeds range from 5,000 to 
20,000 rpm, depending on winding. 
Weights of ungoverned motor, approx. 8 
0z.; governed, about 8.25 oz. Alternate 
mounting arrangements are available. 
DETAILS IN BULLETIN PB-830. 


ELLIPTICAL GEAR TRAIN TYPE 800 


Offering an unusually wide range of out- 
put speeds, with high torque, low current 
drain, and excellent speed characteristics. 
Output speeds from 2 rpd to 900 rpm, 
with torque as high as 30 oz-in. Operating 
voltage may be any specified value from 
3 to 30v DC. Type 800 is also available 
without gear train, for output speeds from 
960 to 3,000 rpm. Speed regulation is 
within +10%, current drain as low as 30 
ma. DETAILS IN BULLETIN PB-800. 


CRAMER CONTROLS 


JULY 1959 


CORPORATION 


Box 8, Centerbrook, Connecticut 
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INOW ! 


A HIGH TEMPERATURE FILM WIRE DEVELOPED BY 


APPLIED RESEARCH TO MEET 155°C (CLASS “F”) 


THERMA 


ELECTRICAL MANUFACTURING 





AGED DIELECTRIC TWISTS 
AIEE Procedure #57 


100,000 





50,000 


DS III 
A LT 
DUTT 


C) 


= 
QO 
Pes TT 








a ATT TT 
WAC TT 


PT Tear 





AT Lah TT 2 


CUI WA a 


PHELPS DODGE 





CELINE UIIIT Tal WIT ble 
LUT Tet TINT Te ATT 


PETITE TS | a NIT] 
SLUT Vet YA are 
TT Test UIA A TT TTT 


TT TNT LT 


XQ 
tT 
TT 


AVERAGE LIFE, HRS. 

FA Zi 
Cn Tn TT 
CO Cn TT 


A 
et ae 


PERFORMANCE co 90 100 NO 120 130 140 150 160 ©1180 


TEMPERATURE °C 


LEZE 


Dielectric twist performance establishes 
Thermaleze F as exceeding (155° C) Class “‘F’”’, 


Better factor of safety because of improved 
‘heat shock” characteristics. 


Good film flexibility under Class ‘“F”’ conditions. 


Good balance of electrical, chemical and 
physical properties. 


Ideal for Class “‘F’’ stator windings and high 
temperature layer or random wound coils. 


Presently available in square and rectangular 
wire; also in round wire, sizes #8-40. 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


EP 15105 00N6E COPPER PRODUCTS 


LASTING QUALITY 
—FROM MINE 


TO MARKET! - INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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CERTI-SEAL SPLICES 
AMPLI-NYL TERMINALS AND SPLICES 
© combined wire size range 22-2/0 AWG 


E CIRCUIT RELIABILITY 
IS VITAL .>) 


. AMP's product is more than fine 
circuit terminals . . . re than 


remarkably) precise campression- 
.. More than an r 


oduct is finished crimp- 


erminations.on your circuitry 
wires .. . by the Qundreds or mil- 
lions . . . of the highest reliabilj 


. » « performing under gruellin 
conditions . . . from basic terminal 


to complete patchcord oe 


200 CONTACT CABLE CONNECTORS 


y 
Y, 
x 
¥ 
Y 
x 


e extremely reliable disconnect for ground 
electronic and instrumentation application 
e connector can be electrically disengaged 
without mechanical separation 
five indexed positions to permit strain-free 
cable exit 
identical inserts and contacts 
in both halves 
polarized to prevent improper coupling— 
has numbered cavities to assure proper 
circuit identification 


‘ON THESE FOUR PRODUCT LINES IS AVAILABLE ON REQUEST. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada * England « France « Holland « Japan 
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2 STUDS Me 440 WC 28 THRLAD 
SCIIDK 
6,12, 24, 36 Volts 


SCcl1ID 
6,12, 24, 36 Volts 


3794 rams 


-—— or —- =} 
358 Wax 
6,12, 24, 36 Volts 


2 TYPES » 4 MOUNTINGS «+ 4 VOLTAGES 


SC1IDB 
6,12, 24, 36 Volts 


SLIID 
6,12, 24, 36 Volts 


2 STUOS We 440 WC 2A THREAD 


SLIIDK 


6,12, 24, 36 Volts 


SLI1DB 
6,12, 24, 36 Volts 


SLIIDA 


358 Mak 


6, 12, 24, 36 Volts 


FROM YOUR PaB DISTRIBUTOR 


32 STANDARD P&B CRYSTAL CASE RELAYS 


Prototype or small-production-run 
quantities of P&B’s micro-minia- 
ture relays are now available from 
your local electronic parts distribu- 
tor. Choose from 2 types, 4 mount- 
ings, 4 coil voltages—32 models 
in all. 

P&B’s dual coil, permanent 
magnet, crystal case relays remain 
operative under 100g shock, 30g to 
2000 cps vibration. Modern White 
Room production facilities assure 


highest possible reliability. 

The SC conforms to standard 
dimensions and circuitry, and can 
replace ordinary relays of the same 
size. 

The SL, a latching relay, utilizes 
the dual-coil, permanent magnet 
principle to provide a highly effi- 
cient, tenacious latch, assuring high 
contact pressure. 

Order today from your local electron- 
ics parts distributor. 


SC and SL SPECIFICATIONS: 
Shock: 100g for 11 millisec. 


Vibration: 30g from 55 to 2000 cps 
195” max. excursions from 10 to 55 cps 


Ambient Temperature Range: 
—65°C. to +125°C. 


Contact Arrangement: dpdi 
Contact Load: 2 amps at 30 vde 

1 amp at 115 vac, 60 cycle 
Sensitivity: 


SL—230 milliwatts at 25 C. with 
630 ohm coil 


SC—260 milliwatts at 25 C. with 
550 ohm coil 


G) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA; POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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New 


subminiature 
“TM” toggle 
Le switch uses 


1 ol ; : 
le 166 ! 3" 


12MA1 Actuator 12MAS Actuator 


Pushbutton actuators are 
versatile, low cost 


These actuators accept three families of 
basic pin plunger switches permitting 
their use in a wide range of applications. 
Two button sizes—% " and 1”—and choice 
of red, green or black buttons give panel 
distinctiveness. Switch and actuator 
mounting hole arrangement permits use 
in panels from .060" to .312” thick, and 
simplifies button travel adjustment. Data 
Sheet 155. 


ACTUAL SIZE 


Sub-subminiature series switches 


These remarkable switches combine smallest avail- 
able size with “‘regular size’’ electrical capacity, oper- 
ate dependably in temperatures from —65° to + 250°F. 
Weight —1/28 oz. Qualifies as Military Standard Part 
Number MS24547-1. Rating: 5 amps., 230 vac; 
7 amps. resistive, 28 vdc. Data Sheet 148. 


Auxiliary actuators add 

to the versatility of ap- 

plication. Two are 

shown. Others are piv- 

oted lever and pivoted 
\ \ roller lever. All are 
‘6 stainless steel. 


ROLLER LEAF 
ACTUATOR 


ACTUATOR 


minimum 
panel space 


The 2TM1-T offers consid- 
erable reductions in space 
and weight in manual con- 
trol of compact equipment. 
Weight—4% grams. Only 
14” square at the base. De- 
pendable operation from 
—65° to +200°F. Low circuit 
resistance. Rating: 7 amps. 
resistive, 28 vdc. DPDT. 
Data Sheet 158. 


New subminiature 
safety door interlock 


The 17AC1-T cuts off power in 
equipment cabinets when a 
service door is opened. Manu- 
ally pulling the rod actuator to 
maintained contact position 
closes circuit for checking. 
When door is next closed, 
switch returns to normal .. . re- 
sets itself to safety position. 
Dependable in temperatures 
from —65° to + 250° F. SPDT. 
Data Sheet 159. 


“One-Shot” switches simplify 
circuit development 


Time-consuming custom de- 
velopment of circuits is made 
unnecessary by ‘‘1PB600’’ 
Series ‘‘One-Shot”’ pushbut- 
ton switches. These switches 
produce one square wave 
pulse per operation. Pulse 
widths from 0.1 to 10.0 micro- 
seconds, Applications include 
computer and radar consoles, 
electronic test equipment, 
setting and resetting flip- 
flops, and reflected pulse 
systems. Data Sheet 150. 


Selections from a line large enough 
to solve almost any switching problem 


MICRO SWITCH makes many hundreds of switches 
and switch devices especially useful to the elec- 
tronic designer. Here are a few of them, in a 
considerable range of sizes, electrical capacities, 
and functions. MICRO SWITCH development en- 
gineers are constantly widening the choice with 
new switches and devices to meet new require- 
ments. The designer can go ahead with a switch- 
ing arrangement he has in mind with con- 
fidence that MICRO SWITCH can supply his need. 


Engineering assistance in switch applications is avail- 
able without obligation from MICRO SWITCH branch 
offices. Consult the Yellow Pages. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 


ELECTRICAL MANUFACTURING 





Photo courtesy of R. E. Dietz Company 


BEST WAY TO PROTECT MINIATURIZED ASSEMBLIES 


ANY PSULATE 


When you seal delicate electronic components and assemblies with epoxy resin, you protect them for years against moisture, 
shock, wear, chemical action and rapid temperature changes. 


When you choose RCI EPOTUF epoxy resins for casting, potting or encapsulating, you can count on outstanding electrical, 
thermal and mechanical properties. These resins cure at room temperature, adhere to anything! A growing number of 
compounders serving the electrical and electronic fields testify today to the superior quality of EPOTUF resins. If you would like 
full technical information on EPOTUF resins, write today to REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 


_ 
Creative Chemistry " 
... Your Partner in Progress 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol « Hydrochloric Acid » Formaldehyde « Glycerine « Phthalic Anhydride « Maleic Anhydride 
Sebacic Acid + Ortho-Phenylphenol « Sodium Sulfite « Pentaerythritol « Pentachlorophenol « Sodium Pentachlorophenate + Sulfuric Acid « Methanol 
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Rapid-fire developments in versatile thermo- 
plastic materials herald sure-fire successes on 
the sales front. As the new products make their 
public debut, plastics are increasingly conspicu- 
ous by their presence. These chemically engi- 
neered materials are lightweight, yet strong and 
durable. They save pennies on the production 
line, look like a million in the show window. 





PLASTICS PLAY LEAD IN NEW SALES SEASON 


Take Verelite*, newest in the fast growing Dow 
lineup of polystyrene materials. Designed spe- 
cially for interior lighting applications such as 
grids and diffusers for fluorescent fixtures, it is 
light stabilized offering superior resistance to 
yellowing. It is now available in several differ- 
ent granulations for both extrusion and molding. 


* TRADEMARK 
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LIGHTWEIGHT STYRON MAKES 
VACUUM CLEANER SALES HUM 


LLL LPR LOL ELL OEE IOI LEE OE EIEN ea 
Dow thermoplastic replaces other 
materials, delivers production 
economy, attractive appearance. 





The manufacturer of the compact 
vacuum cleaner shown below put plas- 
tics to full use in redesigning his prod- 
uct. The result is a lightweight, ex- 
tremely portable and attractive unit 


that stimulates sales and gives the pro- 
duction man fewer headaches. 
Styron® 475, one of Dow’s high im- 
pact thermoplastics, was used for the 
housing and other rigid parts. The flex- 
ible parts are vinyl. The cleaner is avail- 
able in two models, one for the home 
(pictured below) and one for industrial 
use. Lightweight Styron 475 makes the 
industrial ideal for cleaning 
radio tubes, electronic equipment, elec- 
tric motors and other products with 


version 


hard-to-get-at corners and crevices. 

In addition to a smartly styled ap- 
pearance and a wide selection of colors, 
Styron 475 provides a warm touch 
pleasing to housewives. Compared to 
materials previously used, it trims costs 
by eliminating several fabrication and 
assembly operations. Like all Dow plas- 
tics, it gives the designer broad lati- 
tude and its quality is consistent and 
uniform. This contributes to greater 
production efficiency and fewer rejects. 





This compact, time and effort saving portable vacuum cleaner lightens the work of the housewife 
and the maintenance man. 'ts components are molded of tough, versatile Styron 475. 
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PLASTICS PERFORM 
when pressure’s on 


This water softener creates a vacuum 
in its recharging cycle, producing up to 
120 lbs. pressure on every square inch 
on the surface of the tank. That’s one 
of the many reasons Styron 480, Dow’s 
extra high impact thermoplastic, with 
its great strength was chosen for the 
job. As Styron is rustproof, there are 
no corrosion problems. The excellent 
moldability of Styron helped in making 
this large, thick-walled reservoir. This 
application is typical of many developed 
for manufacturers by a plastics molder 
offering integrated design and produc- 
tion services. 


ACID VAPORS 
can’t hurt this motor! 


This electric motor is located in a 
most unfavorable position—right in the 
middle of a chlorine plant. But the 
highly corrosive vapors and the ever- 
present moisture can’t get at the vital 
parts because they're fully encased in 
a tough protective bed of epoxy resin. 
The motor has been in service more 
than two years without a single failure. 
Dow Epoxy Resins give greater over-all 
protection to all types of equipment 
because of high purity, rigid specifica- 
tions and production dependability. 


STYRON 475. Even the time-honored thread 
spool can be improved by plastics! No 
wood grain imperfections to worry about 
in smooth-surfaced, colorful Styron 475. 


TYRIL®, Tyril, a copolymer of styrene and 
acrylonitrile, provides rigidity, craze re- 
sistance and freedom from cracking in this 
unique pants hanger. 


JULY 1959 


POLYETHYLENE. The extremely intricate 
mesh design of this Communion bag 
thoroughly demonstrates the excellent flow 
characteristics of Dow Polyethylene 990M. 


STYRON 475. Fine surface gloss, impact 
resistance, color selection and excellent 
electrical properties make Styron 475 ideal 
for this indoor TV antenna housing. 
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ALCOA ALUMINUM TEAMS NATURALLY 


WITH ELECTRICITY 


FOR MORE 
INFORMATION 


. « . about the versatile 
Dow plastics and the prod- 
ucts discussed on these two 
pages, write to us today. 
THE DOW CHEMICAL COMPANY, 
Midland, Mich., Plastics 
Sales Dept. 1701AZ7. 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 5 


Industrial molding materials 
® . 
Packaging materials 
« 
Paint and coating materials 


a 
Building products 
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Need all-angle operation? 
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WAGNER CAPACITOR-START MOTORS 


operate in ANY position... provide dependable starting... 
pack more power into less space! 


Here's the answer for applications that require angle mounting 
of fhp motors. Wagner Type RK sleeve bearing motors, in 
fractional ratings, have a positive lubrication system that per- 
mits Operation in any position. 


You get quick, trouble-free starts—thanks to a Wagner de- 
signed quick break switch—and you get more horsepower with 
less bulk, for a better chance to lick those tough space problems. 


You can get these motors from leading motor distributors in 
your community and from Wagner Sales Offices in 32 principal 
cities. Your Wagner Sales Engineer will be glad to help you 
Single phase Type ~— select the right motor for your application. Wagner Bulletin 


RK, VY th h hp. ' ~~ .* . 
im Geen > ho MU-217 gives full details. 
Sleeve or ball bearing. . 


rigid or resilient mount. WM59-6 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wasner Electric Corporation 


6454 Plymouth Ave., St. Louis 14, Missouri. 
SERVING 2 GREAT, GROWTH INDUSTRIES...ELECTRICAL... AUTOMOTIVE 
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ALCOA ALUMINUM TEAMS NATURALLY 


WITH ELECTRICITY 


A NEW CONCEPT 


—first step to better coil design 


Manufacturers of electromagnetic equipment 
can reduce material and production costs now 
—by switching to ALCOA® Aluminum Saat: 
windings. Equipment designed with ALCOA 
strip is more compact, lighter in weight, and 
better able to dissipate heat than conventional 
wire. For information about recent ALCOA 


developments in this field and how they benefit you — please turn the page. 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


hy Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application ts a 
practical reality 

Intensive research and testing by ALCcoa have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation 

Recently, ACoA purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry 


ALUMINUM’'S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
SS per cent to 6§ per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
Outer turns 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation: new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to- 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar ot 
Kraft paper . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical: joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings’ 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 


» 


COPPER WIRE 


PROPERTY 


ALUMINUM STRIP 
No. 3 EC 

Weight (Ib/cu in.) 0.32) 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 0.000017 0.000023 
Thermal conductivity 

at 20°C / watts/sq in. | 

( in. /°C } 9.7 - 10.0 6.0 

Electrical conductivity 

at 20°C, per cent IACS 97 - 100 61.0 
Electrical resistance at 

20°C (microhms/sq in. /ft) 8.40 - 8.14 13.14 
Temperature coefficient 

of electrical resistance 0.00392 - 

at 20°C (/°C) 0.00381 0.00409 
Modulus of elasticity 17 x 106 10 x 106 


ALcoA Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test 

ALUMINUM COMPANY OF AMERICA, 2260-G Alcoa Building, 
Pittsburgh 19, Pennsylvania. 





Interleaving sheet-type insulation 
with aluminum strip 


Send for Alcoa's new 


Versatile is the word for aluminum strip in electromagnetic equipment. The strip 
winding technique is applicable to a wide range of coil sizes and dimensions. 





Jit i 2% Conductor Selector 
p sseerezttee. tay, * ( it : ee ALCOA 3) 
ae 431 slide rule for convert- ALUMINUM 


ing standard wire 


ALUMINUM COMPANY OF AMERICA 


sizes to equivalent 


strip conductor 
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SERIES-TRIP 
Over-current sensing and cir- 
cuit interruption take place in 
the protected circuit. Breaker 
may also serve as the equip- 


SHUNT-TRIP 
Permits remote tripping 
through appropriate circuit- 
closing contacts in remote- 
control or safety devices. 


RELAY-TRIP 
Provides a separate control 
circuit through the coil termi- 
nals; this circuit may be at a 
higher or lower voltage. 


ment power switch. 


versatility... 


Bae 


AUXILIARY CONTACTS 


CALIBRATING-TAP DUAL-RATING 


Permits control of two circuits, 
with tripping in response to 
overloads in main circuit only. 


Protects equipment capable 
of operating on either of two 
input voltages. The breoker 
has two current ratings, one 
overload coil. 


Miniature snap-action switch 
mechanically coupled to the 
breaker permits control of 
remote indicators, alarms, etc. 
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HEINEMANN CIRCUIT BREAKERS PERFORM A VARIETY OF 


ROLES IN CONTROL AS WELL 


Because a single hydraulic-magnetic circuit breaker 
can be used to handle the functions of several sepa- 
rate components, Heinemann may be able to help 
you reduce equipment wiring complexity and asso- 
ciated production costs. 

In addition to the special forms shown above, 


Heinemann circuit breakers are available—¢o your 


specifications—in standard, odd or fractional current 


ELECTRIC COMPANY 


“99 Plum St., Trenton 2, N. J. 


AS PROTECTIVE FUNCTIONS 


ratings .. . with instantaneous tripping action or a 
selection of time-delayed responses. 

Only Heinemann can give you this kind of spe- 
cialized service in equipment-matched protection 
and control. 


Complete information is available in the useful 
"Circuit Breaker Engineering Guide”, Bulletin 201, 
It’s yours for the asking. 


beeukew  @ 
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RUST-RESISTANT 


SHAFT 


New protective shaft finish resists rusting, 
looks better, lasts longer 


General Electric Form G motors 
feature a special gun-metal-like treat- 
ment of the shaft which resists rust 
and corrosion. Fans, pulleys, and 
couplings are easy 
to remove. Even 
endshield latches 
and hardware now 
are bright plated to 
last longer, look 
better. G-E Form 
G motors assure 
you the extra life 
and easy mainte- 
nance your custom- 
ers want! 
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JUST ASK YOUR GENERAL ELECTRIC 
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Large oil supply and superb retention system 
cut maintenance 


Form G motors require little reoiling 
and on some applications no reoiling 
at all. This results from a 50% 
larger oil reservoir plus a_ highly 
efficient method of 
retaining oil. (On 
G-E ball bearing 
motors, a_ special 
long-life grease 
gives up to 10 
years’ service with- 
out relubrication.) 
Another good rea- 
son for you to 
choose General 
Electric Form G’s! 
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Sturdy, disk-type endshields assure accurate 
bearing alignment 


General Electric Form G’s feature 
disk-type endshields, heavily ribbed 


_ for high rigidity and long life. 


The rabbet and bearing are placed 
in the same plane 
and machined si- 
multaneously to 
provide inherent 
bearing alignment. 
Form G endshields 
won’t warp! Ac- 
curate, permanent 
alignment means 
longer bearing life 
and dependable 
motor operation. 
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Form G motors 
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Dependable centrifugal switch gives quiet, 
positive snap-action 


The centrifugal switch on Form G’s 
is designed to stand up to heaviest 
demands (3,500,000 test opera- 
tions). Add to this a switch that’s 
quieter than ever. 
A carefully de- 
signed.composition 
washer greatly re- 
duces start-stop 
click without sacri- 
ficing positive snap 
action. Here’s an- 
other Form G dif- 
ference that means 
more satisfied cus- 
tomers for you! 
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THRUST 
MALI 


Washer assembly absorbs thrust from any 
direction; contributes to longer life 


A specially-designed three-piece 
thrust washer assembly, keyed to 
rotate with the shaft, withstands 
normal thrust from any direction, re- 
gardless of motor 
angle. It also acts 
as an oil seal to 
help provide posi- 
tive oil retention, 
contributing to 
longer lubrication 
life and reduced 
maintenance. If 
you're looking for 
a motor that’s built 
to last, try Form G! 
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AU 
STATOR 


Heavy-duty bonding dip and stator clamps 
provide rigid, uniform assembly 


Along with the Mylar*-Formex** in- 
sulation system pioneered by G.E., 
you now get a new bonding treat- 
ment on Form G motor stators. It 
affords added pro- 
tection against 
stress. Stator cores 
are now specially 
clamped for highly 
accurate alignment. 
These new features 
result in extra rigid- 
ity, more uniform 
quality. Here’s 
longer motor life! 





*Reg. trade-mark, DuPont Co. 702-91 
**Reg. trade-mark, G.E. Co 
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ABOUT THE NEW FORM G “EXTRA VALUE” FEATURES 
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One of America’s best known and 
most successful designers, 

Russel Wright, is practically 

a household word to Mrs. America. 
He, more than any other one 
man, has brought practical design to 
the average American housewife: 
Mr. Wright believes “‘good design” 
should be universal and his 
general aim is to create the widest 
variety of products for 

the widest possible market at the 
lowest possible cost so that 

“good design” can reach everyone. 
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The portable broiler is high on the list of appliances most wanted by the modern American 
housewife. Until recently, little attention was paid to its design. The unwieldy bulk and lackluster 
styling of most models contrasted with the functional beauty of today’s colorful kitchens and kitchen tools. 

Russel Wright, world famed designer, has applied his talents to this appliance and has created a 
broiler with the attractive tailored look designed to harmonize with modern day kitchens. 

In place of the outmoded polished chromium cover, Mr. Wright has utilized Sharon Steel’s exciting 
new Sharonart* stainless in combination with a main shell of colored baked enamel over textured 
Sharonart*. Russel Wright has replaced impractical broiler operation with simple, functional, press- 
down levers that automatically set the thermostat and timer, and has included a stainless steel well-and- 
tree tray designed to be carried to the dining table and generous bakelite handles for safe carrying of the unit. 

Whether you make broilers—or any other appliance—it’s certain Sharonart* will give your product 
the same fresh look Russel Wright has achieved in this broiler design. The Sharon Steel Corporation, 


Sharor . a. *T M 
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Memo from VALUE ANALYSIS: 


Use "SCOTCH" Brand No. 


Film Tape to insulate. 


26-year relay lif 


6 Acetate 
At 3/4¢ cost 










e makes 







for tape, 
-nsulation cost only : 
annual tape insu 
3/100¢. No other costs etaeer 
in this material. : 
With “Scorcn” Branp Acetate Tapes youcan of properties to cover virtually all Class A insu- 
depend on electrical grade quality consistently lation requirements. Included are tapes with 
in roll after roll... no hidden costs through true thermosetting adhesives. These offer high 
waste or breakage on the assembly line! initial adhesion and tack; maximum solvent re- 
sistance; and no softening at high temperatures 
Wherever high electric strength, dependable after curing. 
moisture resistance, Maximum resistance to cor- s , : : . 
rosion, and attractive appearance are needed, 3M’s nationwide sales and technical services— 
there is a “Scotcn” BRAND Acetate Tape to do backed by the tape industry’s largest research 
the job. facilities—are available to advise and assist 
you in utilizing “Scorcn” Branp Electrical 
Nine different “Scorcn” Branp Acetate Elec- | Tapes to improve your products or cut your 
trical Tapes give you a choice of cloth, film, and _ production costs. Write on your letterhead for 
laminate backings; offer you the greatest range | complete information. 
SEND FOR free booklet describing properties and application 
characteristics of all ‘““Scorcu”’ Branp Acetate Electrical Tapes. 
Address: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. EAB-79 ° 


SCOTCH Electrical Tapes 


BRAN 


ea TCH’? 1S A REGISTERED TRADEMARK FOR THE PRESSURE-SENSITIVE ADHESIVE TAPES OF 3M CO., ST. PAUL 6, MINN, EXPORT: 99 PARK AVE., NEW YORK 16, CANADA: L 
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A TYPICAL EXAMPLE: 
How to Fasten Securely to Avoid Shifting 


Where considerable tension in the fastening 
is needed to keep the parts from shifting, 
the Shakeproof®-developed Pyramidal Lock 
Washer* should be used. This washer spans 
large clearance holes — provides tension 
needed to keep parts securely fastened and 
in alignment. 

*U.S. Pat. No: 2,794,476 









For want of the right fastener, man-hours and money are 

often needlessly lost! It's vital to economical assembly 

line production to specify fasteners for each application 

that will do a fast and effective job every time. Fasteners . 
° engineered by Shakeproof assure maximum locking, re- 

duce handling, and provide many additional functions that 

save assembly time, reduce production costs and improve 

your product's quality. ‘ 


@ guide '. assembly 
‘Sovings with 


SEND FOR NEW SHAKEPROOF BULLETIN NO. 200 
Shows typical examples of money-saving fasteners de- 


veloped by Shakeproof engineers for heavy metal appli- | na finn msc 

cations. Offers testing samples. Write for your free copy | - = 
' | ewasewaeer a a sieve rece apace | 

today! \ ainda teens 


SHAKEPROOF 


“FASTENING HEADQUARTERS” & 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charlies Road, Elgin, Illinois 
In Canada: SHAKEPROOF /FASTEX 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
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The Toledo Pipe Threading Machine 
Company's compact No. 999 pipe and oe 3 Bridgeport Machines Inc. 
bolt machine features instant change from = provides Cutler-Hammer 
cutting to threading, quick-change die heads. : Three-Star Motor Control 
Cutler-Hammer Motor Control is supplied —— as standard original equip- 
as original equipment. : ‘ ment on their highly versatile 
Turret Milling Machines, 
which will mill, drill and bore, 
and, with attachments, will 
cherry, trace, and right 
angle mill. 


Choice of 
the leaders 
... the mark 


of better i 
machines we riongenty «pte tiga 


rigidity for high volume production. 


Cutler-Hammer Motor Control is installed 
as Original equipment. 


A fine machine performs at 
its best when Cutler-Hammer 
Control directs and protects 
it. Cutler-Hammer Control 
installs easier, works better, 
lasts longer. For prompt at- 
tention to your control re- 
quirements write Dept. 
N-231. Cutler-Hammer Inc., 
Milwaukee 1, Wisconsin. 


The Gisholt Machine Company's MASTERLINE 41 Saddle Type 
High Production Turret Lathe shown above is equipped with Cutler-Hammer Control. 
Precise motor control simplifies machining of 21” vee-belt sheaves in two operations. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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speeds machining of precision parts 


... Uniform close tolerances—require minimum 


These are just a few reasons why it pays to spec- 
machining to “clean-up.” 


ify B&W Job-Matched Seamless Mechanical 
s : : , Tubing for production of hollow precision parts. 
i“ premiera amy structures—provide Call your local B&W District Sales Office, or 

P y: write for Bulletin TB-340 for full information. 
..- Complete size range—permits choice of a The Babcock & Wilcox Company, Tubular Prod- 
tube size most appropriate for end use. ucts Division, Beaver Falls, Pa. 


THE BABCOCK & WILCOX COMPANY 
sea TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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New Century Electric single-reduction, right-angle gear- 


motor is smaller, lighter and more versatile than ever. 





New Century Electric 
Gearmotor 

combines compactness 
with dependable power 


Looking for a small gearmotor that is 
light and compact—yet able to handle 
heavy thrusts and the shock of sudden 
overloads? This new Century Electric 
single-reduction, right-angle shaft gear- 
motor may be the answer. Here are the 
facts: 


Smaller and lighter. You can cut as 
much as 20 pounds from the weight of 
any product ... in the \¥ hp size, for 
example, this gearmotor weighs only 23 
lbs. New insulating materials and new de- 
signs make more compact motors. . . 
new gearing and oil seal systems make 
gear housing smaller. Result: savings of 
about 50 percent in overall size. 


Dependable power. Both motors and 
gearhead are built by Century Electric 
... means this gearmotor is backed from 
one source. Single-phase motors include 
capacitor start and split phase types. 
Polyphase motors are squirrel cage de- 
sign. 

Little or no service is needed because of 
features like: 


High quality gear system—Worm 
gear is made of tough silicon bronze. 
Worm is made of hardened, high-grade 
steel. Both can withstand sudden shocks 
and overloads. 


Dependable sealing system—No 
oil can get from gears into motor and 
cause costly shutdowns. A face-type seal 


with spring backing is used on the high 
speed shaft. A lip-type seal is used on 
the low speed shaft. 


Output-shaft roller bearings—Rol- 
ler bearings on output shaft provide 
reserve strength so motor can handle 
heavy radial and thrust loads and sud- 
den shocks of overloads. Bearings are 
precisely aligned so worm and worm 
gear operate efficiently and quietly. 


All-angle oiling—No matter at what 
angle motor is mounted, the worm or 
worm gear is always dipping in oil—so 
gears are always well lubricated. Means 
less wear and longer life. 


Versatile mounting. You have com- 
plete freedom in mounting. Here’s why. 
The gearhead can be assembled in four 
different positions in relation to the 
motor (the diagram below shows three 
of these positions) . . . shafts can extend 
from either or both sides of the gear- 
head . . . oiling and sealing systems make 
it possible to install gearmotor at any 
angle. 


You can get more information from 
your nearest Century Sales Office or 
Authorized Distributor. Variations are 
available to fit specific design needs. For 
a copy of the new Century Electric 
Motor Application Guide, write for bul- 
letin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Both polyphase motors and single phase, ca- 
pacitor start motors are available in the new 
Century Electric gearmotor. 
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Three of the four possible mounting posi- 
tions of gearhead .. . shaft can be extended 
from opposite side in all cases. 





Now...all sizes and shapes 
of SX Magnet Wire 
for every ‘‘hot spot’’ application 


Rounds, squares and rectangulars also available 
with single and double glass coverings 


VERSATILE GENERAL PURPOSE APPLICATION 
Thermalex-F is not a special wire but 
has properties required for a general 
purpose application and can be used 
through the 105°C-155°C temperature 
range...Class Aapplications as wellas 
Class F... eliminating the need for buy- 
ing more than one type of magnet wire. 


50 


v 


Nicescalbcetienesticsninsd 
\ | THERMALEX-F 


TEMPERATURE © () 


OUTSTANDING THERMAL STABILITY 
A.1.E.E. #57 “Procedure for Evaluation 
of the Thermal Stability of Enameled 
Wire" which is an accepted test, indi- 
cates a 30,000 hours life at 170°C for 
unvarnished specimens. 
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Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 
® as Aa | 
Magnet Wire Division 
ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 


Manufacturing Plants: Birmingham, Ala.; Anaheim, Cal.; 
Fort Wayne, Ind.; Hillsdale, Mich. 


National network of Warehouses and Sales Offices 
«++ Call your local “Essex Man.” 
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THE WESTON 
NE 


of panel 
instruments 


Instrument men are still talking about the recently-intro- 
duced Weston CROWN line of panel instruments. But 
this great series is making news all over again. Because 
it’s all new—again this year—with a lot more to offer: 
greater versatility, increased readability, greater accura- 
cies . . . features that add up to a new standard of per- 
formance. 


NEW LARGER SIZE — A completely new 4.5-inch group 
has been added to the line of D-C instruments—with basic 
accuracy within + 2% of full-scale value, alternatively 
+ 1%. 


NOW AVAILABLE IN A-C, TOO — In addition to the D-C 
models, a new moving iron A-C instrument, with improved 
ballistic characteristics—even to critical damping—is being 
offered in the 2%-inch size. 


EXTRA LONG SCALES — 5.3 inches for 4%-inch model, 2.5 
inches for 24-inch D-C model—exceptionally long scales 
for their case diameters. 


FREEDOM FROM MAGNETIC INTEREFFECTS — The incorpora- 
tion of the famous Cormag® mechanism permits close 
grouping of instruments on magnetic and nonmagnetic 
panels—close to other instruments without special adjust- 
ments. The instruments are immune to the effects of stray 

aaanena gace magnetic fields. 
Per For full information, contact your local Weston repre- 
Ld sentative .. . or write to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. In Canada: Daystrom 
Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: Day- 
strom Int’l., 100 Empire St., Newark 12, N. J. 


CT a 
be fenmenffhepeehnt che 


WESTON 
iitiumtetedae 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 


Welded aluminum joints are posi- Ultrasonic welding. Newest of 


tive and reliable and successfully the techniques for joining alumi- 
resist corrosion and vibration num, it offers great promise in 
Photo courtesy of Allis-Chalmers many applications, 

Mfg. Company.) 


These applications 
demonstrate the ease with 


which high-conductivity 


electrical joints can be made. 


Pressure welding offers a good, 
sound metallurgical bond between 
aluminum and certain nonferrous 
metals. 
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Numerous joining methods offer excellent service when 
joining aluminum for electrical use. The most important 
for electrical service are compression joining, bolting, 
soldering, brazing and welding. The choice depends on 
a variety of factors that must be considered by the de- 
signers and engineers who are doing the job. Equipment 
available, location of the joints, shape or size of the work, 
on-the-job or shop fabrication, all will have a direct bear- 
ing on the proper choice of method. There may be a choice 
of methods, but the choice of material is obvious—use 
aluminum. You’ll save money. 


Compression Joining—Excellent results are obtained 
by compressing aluminum fittings around the aluminum 
conductor to be joined. Special joint compounds are avail- 
able to break down the natural oxide film. This penetra- 
tion of the oxide film assures a good connection. Compres- 
sion joining is effective in joining aluminum to copper, as 
well as aluminum to aluminum. 


Bolting—Bolting offers an excellent means to attain low- 
resistance electrical joints. In a bolted connection, it is 
important that sufficient contact pressure be maintained. 
Aluminum nuts, bolts and washers are available for this 
type of service. Special electrical joint compound assures 
full exposure of bare metal and continues to protect the 
joint in service. 


Soldering— Aluminum is easy to solder. Slightly differ- 
ent techniques are employed than with conventional sol- 
dering, but once learned, there is no difficulty. Solders for 
aluminum are available in either soft or hard types. 


Welding — Practical welding processes include: gas, metal- 
arc, inert-gas shielded-arc, spot, resistance butt, flash butt, 
ultrasonic and pressure welding. The nature of the job 
will best determine which method should be used. The 
latest developments in welding techniques have made alu- 
minum as easy to weld as other metals. A special process 
makes aluminum-copper transition joints quite practical. 


Take advantage of the ease with which aluminum may be 
joined in the products you design and build. There’s a 
sales engineer near you who can offer competent advice. 
He’ll be pleased to put the talents of Alcoa’s Process De- 
velopment Laboratory at your service. Look in the Yellow 
Pages of your telephone book under “‘Aluminum,”’ or 
write to Aluminum Company of America, 2130-G Alcoa 
Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 


ALUAINU AA For exciting drama watch “Alcoa Presents” 
every Tuesday, ABC-TV, and the Emmy 
Award winning ‘Alcoa Theatre’’ 

alternate Mondays, NBC-TV 


ALUMINUM COMPANY OF AMERICA 


Thermite welding. The parts to Bolted connections are simple Dip brazing offers a convenient 
be joined are set in a graphite and effective. Proper use of elec- production method of joining alu- 
mold and a thermal reaction is trical joint compound assures minum parts. Joints are perma- 
set off. performance and protection. nent and strong. 
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Here’s the 


inside story 7 en 
set woes | We ad 


HIGH VOLTAGE 
SWITCH 


DID AIR BREAK 
E HEART 
E 


Faster Arc Suppression 
New blowout design. 
Novel arc chutes are 
molded from an arc 

resistant material. 


Double Break Contacts 
Silver alloy contacts 
never need maintenance. Only One Moving Part 
Vertical motion assures Simple solenoid design 
uniform contact eliminates trouble-causing 
pressures, pins, pivots, and 
flexible jumpers. 


A-B High Voltage 


Starter with Air 
Break Contactor Nowe 
Bulletin 1159 high volt- 


age air break, across- 


the-line induction 
motor starter in NEMA 
Type 1 enclosure. All 
Allen-Bradley high 


voltage starters are Member of NEMA 

equipped with current 

limiting fuses with in- O 

terrupting capacities Quali ty Motor Control 
of 150,000 kva at 

2300 v; 250,000 kva 

at 4600 v. 


Luciana 
Atastieaiiey Co., |-1309 Ss. ‘First St., Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Ltd: Galt, Ont. 
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Tubexperience in action 


All ratings of Weller’s 
new soldering irons use 
the same two sizes of 
Superior tubing: .437 in. 
OD x .397 in. ID and 
.250 in. OD x .200 in. ID. 


The Magic That Controls Tip Temperature 
Starts with Superior Stainless Tubing 


Use of nonmagnetic Superior stainless steel tubing has put 
magic into Weller’s new soldering irons. It has enabled this 
concern to develop a magnetic temperature control unit that 
automatically maintains proper soldering temperature at the 
tip of the irons, whether idling or at full load. Also to market 
irons 50°; lighter than the nonautomatic type of equal rating 
produced from carbon steel. It has greatly reduced heat loss 
due to radiation and provided‘a much cooler handle. It has 
materially improved the appearance of the irons and given them 
high resistance to oxidation and corrosion without plating. 


Many manufacturers in the electrical industry rely on Superior 
to satisfy their small-diameter tubing requirements. Superior 
is the world’s largest producer of this tubing. It offers more 
than 120 analyses—a number so extensive as to meet every 
conceivable requirement—and a full range of sizes from .010 
through 14% in. OD. Special shapes can be furnished. And 
various services, including engineering consultation and design 
assistance, are available. Write for a copy of Bulletin 41 
containing the full story. Superior Tube Company, 2021 
Germantown Ave., Norristown, Pa. 


Syoerir file 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2Y% in. OD 


West Coast: Pacific Tube Company, Los Angeles, Californias FIRST STEEL TUBE MILL IN THE WEST 
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Design better products with 


OLLIE insulation 


...seals against moisture 





The main insulation of this 450 hp, 1200 


rpm “Silco-Flex” motor, built by Allis- In motors or other electrical equipment, insulation of 
Chalmers, consists of Silastic. This insulation Silastic®, the Dow Corning silicone rubber, will give your 
system is not affected by extremes of heat : a Satie ines ns ‘ . > . 
or cold, is water repellent, resists the entrance designs maximum reliability. Silastic retains excellent 
of moisture and is unaffected by many electrical and physical properties from —90 to 250 C, resists 
chemical compounds and vapors . sae . 
arcing, ozone, corona. It forms a resilient waterproof jacket 
that is unaffected by most corrosive atmospheres. Tapes and . 
TYPICAL PROPERTIES OF SILASTIC lead wire made with Silastic are widely used in equipment 
jaabeaeseaee eaec designed for high ambients and tough duty. Write for free 
» Tensile strensth, oo! ......- 600 to 1500 booklet and list of suppliers offering insulating materials 
e Elongation, % _...._-_-- 150 to 450 made from Silastic. 
¢ Insulation resistance, ‘ . ope 
megohms /1000 ft. _--- 1000 to 3000 If you consider ALL the properties of a silicone rubber, 


+ Dielectric strength, volts/mil 300 to 500 you'll specify SILASTIC. 


¢ Dielectric constant, 10? 
cycles per second, nominal ___-_- 32 





Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 





ICONE-GLASS LAMINATES 
PROVE DESIGN AND PERFORMANCE 


Glass cloth bonded with Dow Corning silicone 
resin forms strong, lightweight laminates 
that retain excellent physical and dielectric 
properties at 250 C. Silicone-glass laminates 
have high are resistance, low loss factor, low 
moisture absorption. They are machinable 
and easy to fabricate. Available from lead- 
ing laminators. 





Specified for 180C and 220C insu- 
lation systems, Dow Corning 997 
Varnish has over 50 times the 
dielectric life of the best Class B 
varnishes. Used for bonding and 
sealing entire assemblies or sep- 
arate units, silicone varnish 
exhibits good resistance to mois- 
ture, chemicals, corrosive atmos- 
pheres. Curing time, smoothness 
and abrasion resistance compare 
favorably with organic varnishes. 


@7” SILICONE 
VARNISH 
RESISTS 

HIGH 

TEMPERATURES, 

HUMIDITY 





ICONE COMPOUND FORMS 
OISTURE-PROOF DIELECTRIC SEAL 


Coated or packed around electrical connec- 
tions and similar components, Dow Corning 
3 Compound protects against moisture, 
corona, other hazards ... eliminates flash- 
over, arcing and shorts caused by moisture 
leakage paths. It is effective from —75 to 
200 C. Nongumming, nonmelting and non- 
corrosive, 3 Compound easily adheres to most 
surfaces. Free sample available. 





AN Connector Terminals, Navy Helicopter. 


For further information on these products write Dept. 4519 
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Specify “ARNOLD” 


for yur MAGNETIC CORE requirements 





Top to bottom: Tape wound cores, Silectron C, E and O cores, and bobbin cores. 


CiLECTRON C-CORES, E-CORES and TOROIDS Arnold C 
and E cores are made from precision-rolled Silectron strip in 
1, 2, 4 and 12 mil thicknesses. 

They are supplied in a wide variety of shapes, and in sizes 
from a fraction of an ounce to several hundred pounds. In 
addition to standard transformer applications, they may also 
be supplied for special applications such as saturable reactors, 
instrument transformers and pulse transformers. 

Over 1,000 stock cores are listed in the Arnold Silectron 
catalog. A wide selection of preferred sizes are carried in stock 
for immediate shipment. For complete data on C and E cores 
and Silectron toroids, write for Bulletin SC-107A. 


TAPE WOUND CORES of High Permeability Materials 
Arnold tape wound cores are available made of Deltamax, 
4-79 Mo-Permalloy, Supermalloy, Mumetal, 4750 Electrical 
Metal, Silectron, or the new rectangular-loop material, Super- 
mendur. All except Supermendur cores are available in stand- 
ard tape thicknesses of %, 1, 2, 4 or 12-mils. 

Toroidal cores are made in 30 standard sizes with protective 
nylon or aluminum cases. Special sizes of toroidal cores are 
produced to individual requirements. Write for Bulletin TC- 
101A. (TC-113A for Supermendur Cores.) 


BOBBIN CORES Arnold bobbin cores are available in a wide 
range of sizes, tape thicknesses, widths and number of wraps 
to suit the ultimate use of the core in electronic computer 
assemblies. Magnetic materials usually employed are Delta- 
max and Square Permalloy in standard thicknesses of 1, 1%, 
% and % mil. Bobbins are supplied in ceramic or stainless 
steel. Write for Bulletin TC-108A. 





SPECIAL MATERIALS 


2V PERMENDUR ... a ferromagnetic alloy of cobalt, vanadium 
and iron that possesses high flux density saturation properties. 
Its magnetostrictive properties are useful in many transducer 
applications. Write for Bulletin EM-23. 


VIBRALLOY . . . a ferromagnetic alloy of nickel, molybdenum 
and iron whose temperature coefficient of elastic modulus is 
controllable over a wide range. It has high ferromagnetic per- 
meability, and a rather high coefficient of magnetostriction. 
Used in applications where a zero or controlled thermo-elastic 
coefficient is desired. 


BARIUM TITANATE. . . A piezoelectric ceramic widely used in ac- 
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Top to bottom : Mo-Permalioy powder cores, iron powder cores, and Sendust cores. 


MO-PERMALLOY POWDER CORES Available in a wide range 
of sizes, from .260’’ OD to 5.218” OD. They are given various 
types of enamel and varnish finishes, some of which permit 
winding with heavy Formex insulated wire without supple- 
mentary insulation over the core. 

These powder cores are supplied in four standard perme- 
abilities: 125, 60, 26 and 14 Mu. They provide constant per- 
meability over a wide range of flux density, and in many 
cases may be furnished stabilized to provide essentially con- 
stant permeability over a specific temperature range. Large 
warehouse stocks of preferred sizes are carried for immediate 
shipment. Write for Bulletin PC-104B. 


IRON POWDER CORES A wide selection of cores is available, 
from simple cylinders to special cores of complicated design. 
The line includes all standard types of threaded cores, cup, 
sleeve, slug and cylindrical insert cores: for use in antenna 
and RF coils, oscillator coils, IF coils, perm tuning, FM coils, 
television coils, noise filter coils, induction heating and bom- 
barder coils, and other low frequency applications. Preferred 
sizes are carried in warehouse stock for quick shipment. A 
standard series of iron powder toroids is also manufactured, 
conforming to the standard sizes proposed by the Metal 
Powder Industries. Write for Bulletin PC-109. 


SENDUST POWDER CORES Available in a wide selection of 
sizes, ranging from .800’’ OD to 3.346” OD, and in perme- 
abilities of 10, 13, 25, 30, 50 and 80, although not all sizes are 
available in all permeabilities. They possess magnetic prop- 
erties generally superior to iron powder cores, but inferior to 
Mo-Permalloy powder cores in the audio and carrier frequency 
range. Write for Bulletin SDC-110. 


SCS EERE REAR EEE SHEE OOESEE CHOSE ETEK ASSET H SSS H EE OSSRSSROSET OHSS SESE eee Rene eeeseseseeEEeEe 


celerometers, phono pickups, microphones, ultrasonic grinding 
and cleaning devices and underwater signaling devices. For 
more information, write for Bulletin CM-116. 


wsw 7507 


# ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
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MOTORS 


Bearings in RonBins & MYERS 
motors run in double-width races 
with extra-large lubricant reser- 
voirs. Bearings are fully sealed and pre-lubricated with 
laboratory tested grease which resists dust, temperature, 
humidity and high operating speeds. Tests prove these bear- 
ings can withstand six to nine years of severe service without 
relubrication. Bearings are further protected by metal seals 
on each side. Seals keep impurities out, prevent failure caused 
by “forgotten” lubrication or damaging over-lubrication. 
R&M insures longer motor life with many additional 
features: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . removable caps for quick bearing 
inspection and relubrication . . . end heads that give full- 
height protection . . . dual-sweep ventilation for efficient 
cooling. For details, write today for Bulletin 520 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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A Remarkable Development in 


VARSI 


SUPER HIGH-STR 
SEMI-CURED SILI¢ 
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There’s nothing better than NJW’s new 
VARSIL SR1050 for rugged Class H applica- 
tions! It’s the best bonding tape of silicone rub- 
ber on glass cloth...The exceptionally tight 
bond and good flow of rubber means no voids — 





__ ACTUAL BOND STRENGTH CHART 





maximum dielectric strength. ea 
=e BOND STRENGTH vs SHELF LIFE 
ALSO AVAILABLE — VARSIL SR1050 on Dacron glass com- 2 12| SILICONE ae aaa” DACRON- : 
bination cloth, with just the necessary stretch for excellent 5 | 
conformity (keeping volts-per-mil-high). Unusual flow of rub- 8 | TWO SIDES COATED 
ber during vulcanization eliminates voids and assures good | THICKNESS: 20 MILS 
bonding strength. Outstanding shelf life too, (see chart). Try it 4 | SILICONE “"VARSIL" SR 1050 : 
for that special job which demands the highest quality tape 
@ Available single or double faced. ™ Agents in-principal cities. Licht —— oe soeaernetcoenesds a 


@ Complete test data free samples available, on request. 


NEW JERSEY WOOD FINISHING COMPANY 
MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION » WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES e¢ VARNISHED "FIBERGLAS'’T CLOTH AND TAPES ¢@ VARNISHED SILK AND SILK SUB- 
STITUTE © SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING © POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
© CABLE WRAPPING TAPES ¢ "'VARSIL" SILICONE VARNISHED "'FIBERGLAS"t CLOTH AND TAPES @ "'VARSLOT" COMBINATION SLOT 
INSULATION: -RAG PAPER AND VARTEX VARNISHED CAMBRIC e@ FISH PAPER AND VARTEX VARNISHED CAMBRIC @ RAG PAPER AND 
"MYLAR'® POLYESTER FILM e ASBESTOS PAPER AND "MYLAR''* POLYESTER FILM © KRAFT PAPER AND "MYLAR’'* POLYESTER FILM 
® VARTEX VARNISHED "FIBERGLAS'T AND "MYLAR’* POLYESTER FILM . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 





*Mylar. DuPont's registered trademark TFibergias, OQwens-Corning Fibergias registered trademark 
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TO ENGINEERS 


concerned with inner s 


When there’s no space to spare in your 
design, consider AE Class S relays. A basic 
Class S measures only 1746” x 1°” x 146” and 
weighs only 2 ounces. 

Or, if you need a stepping switch, we have 
one no larger than a pack of king-size 
cigarettes. 

Relay or switch, they’re as uncompromising 
in quality and ability as their larger brothers. 
As an example: the Class S miniature has 
many of the features of the premium-quality 
Class B-including sure-footed independent 
twin contacts. 

There’s another way we can help on the space 
problem. AE engineers have had years of 
experience in devising simplified circuits 





with complex capabilities for automatic tele- 
phone exchanges. Could be we could show you 
how to save a relay or two in your design, 
No harm in asking. 

Or, if you'd like to put the switching end of 
the operation in our hands, we’re equipped 
to supply completely wired and assembled, 
custom-built control units or help you develop 
systems to handle anything from sequential 
programming to... you name it. 


Want to get together? Just write the 
Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. If you’d 
like literature ask for our Circular 1702-E: 
Relays for Industry, and the new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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20,000 chairs rock on 
(iss) American Springs 
without one failure 


In the American Stee! & Wire Spring 
Testing Laboratory, the springs rec- 
ommended for the Homecrest Chair 
go through extensive tests. This Fa- 
tigue machine, by means of strain- 
gauge verification, simulates years of 
use in a relatively short testing time. 
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Here is the spring recommended by American Steel & Wire for use in this chair. To supplement the AS&W tests, the Homecrest Company 
subjected these springs to a simulated rocking test. Under a weight of 250 pounds, these springs were rocked 750,000 times, without failure. 


Spring Engineering Research Service 


The Homecrest Company, Wadena, Minnesota, 
wanted to add a swivel rocking chair to their line of 
modern, functional home furniture. However, they would 
produce this chair only if it could be a quality item that 
would give good, dependable service. While designing 
the chair, they checked with the American Steel & Wire 
Spring Engineering Consulting Service. The engineers 
studied the problem, ran extensive tests and finally 
recommended a pair of round wire helical single coil 
torsion springs. Using these springs, Homecrest designed, 
fabricated and marketed the chair. Today 20,000 of 
these chairs have been sold and not one failure of an 
AS&W Spring has been reported. 


Mr. A. L. Englemann, a partner of Homecrest Company, 
says, ‘“‘We have purchased from American Steel & Wire 
over 45,000 springs, and not one has been reported a 


American Steel & Wire 
Division of 


failure. We couldn’t be happier with American Steel & 
Wire as a supply source for our springs.” 


If you have a spring problem, or would like advice on 
the use of springs in your product, get in touch with 
any American Steel & Wire Sales Office. You can 
benefit from the knowledge of AS&W’s Spring Engi- 
neering Research Service. The Service has been engaged 
in laboratory experiments of static and dynamic testing 
for 20 years and has accumulated invaluable data on 
stress and fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels, from steel 
chemistry through product application, to more eco- 
nomically cope with today’s rigorous demands. This 
accumulated knowledge of the AS&W Spring Engineer- 
ing Research Service is at your disposal. American Steel 
& Wire, 614 Superior Ave., N.W., Cleveland 13, Ohio. 


USS and American are registered trademarks 


United States Steel 


Columbia-Geneve Steel Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors @ United Stetes Steel Export Company, Distributors Abroad 
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BROWN 
MOTORS 


... for chart drives, servos, balancing circuits 








STACK-TYPE MOTORS 


These newly designed motors have 
such maintenance saving features as: 
sectional housing . . . wick-type lu- 


OIL-SEALED MOTORS 

These field-proven motors feature 
self-lubrication, have shock absorb- 
ers, are totally enclosed and oil 
sealed. 


MILITARY MOTORS 


These are oil-sealed-type motors, 
modified to comply with MIL-M- 
17059. Housing is treated as specified 





brication . . . printed circuits . . . ball 
bearings . . . shock absorbers . . . 
alignment keying rings. Any major 
part replaceable in two minutes. 


in MIL-C-5541, and leads are fungus 
resistant as per MIL-V-173. 


... All motors are available in two phase and synchronous models 


SPECIFICATIONS (applicable to all motors described above) 


Two Phase Induction Motor 








Synchronous 
Nominal Gear intermittent Maximum Power Current Temp P RPM." Gear Pull-tn Continuous Power Current Temp 
Neo Load Ratio Rated Load — Starting (Watts) (amp.) Rise Ratio Torque Torque (Watts) (amps.) Rise 
RPM. (oz-in.) Torque Loaded tLoaded F Minimum (oz.-in.) Loaded Loaded F 
(oz.-in.) (oz.-in.) 

330 44°] 4 10 115 011 70 180 10:1 12 12 24.0 0.21 100 
44 10:1 5 20 US oll 70 UM é Q 5 6 6 
48 30:1 15 60 115 O11 : 90 20:1 14 12 11.5 0.11 65 

) ( ( 
| i 60 31 2 18 Ns Ol 65 
23 60:1 30 110 11.5 0.11 0 30 60:1 4? 36 115 65 





0.11 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
[HL] Frat ox Couctl 


Circle 146 on page 17 


*1 /6 less at 50 cycles 
tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
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NAUGATUCK PARACRIL 0ZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


Now-—the finest 
weather-resistant 
wire jackets can be 





FOR SALES APPEAL @ FOR SERVICE EASE 








New Paracril OZO—a superior rubber compound developed by 

Naugatuck— makes possible new eye appeal, new ease of identification. And 

it outperforms standard wire jacket compounds many other ways, too! 
Compare new PARACRIL OZO with other wire jacket rubbers. Prove for yourself, 
new PARACRIL OZO gives: 

® significantly superior ozone resistance 

@ greater fuel and oil resistance 

@ much greater abrasion resistance than standard jacket compounds 

@ excellent processability, with particularly fast extrusion 

®@ permanent retention of bright colors! 

If you are not already using PARACRIL” for your wire jacket compounds 

or similar products requiring such properties, chances are 1000 to | it’s because 
you haven't yet tried PARACRIL OZO. 


Why not try it—soon. Contact your nearest Naugatuck representative at the 
address below. 


Naugatuck Chemical 





742P Elm Street 


Division of United States Rubber Company Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario - CABLE: Rubexpert, W.Y. 
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THIS IS A 
RELAY 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


powerful AC or DC solenoids 


simple, fast, easy installation speeds assembly into your equipment 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 
reliability ... these are components you can buy, install and then forget 


Ward Leonard “HR” relays are engi- 
neered for industrial and electronic 
applications requiring: ultra-long life, 
high speed, high reliability, compact- 
ness and versatility. 

Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con- 
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar- 
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mature is free-floating and self-align- 
ing to minimize noise level. DC solenoids 
feature exceptionally fast operation. 
Nylon armature guides minimize oper- 
ational friction. All AC and DC powe1 
plants are readily interchangeable. 

2 to 8 pole “HR” relays are but one of 
five W/L lines of industrial power re- 
lays ... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. 9.1 
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molded coils minimize “burnouts” 








WARD 
‘4, LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 





LIVE BETTER...E/ectrically 


FReelO-E ryineored Contiols Since 1892 
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73 YEARS OF 
eae ATE 
EXPERIENCE... 


Mea ae a 
CADMIUM OXIDE 





THOMSON 
“710” i 
CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide throughout 


the silver matrix. 


Ue Uh iaa le meld . . a8 

Sela ais tail 2. Uniform Electrical Conductivity for all parts and all 
CLES AND UNIFORM 

STRUCTURE are evident in batches. 

this, magnified (20 times) 

cross-section of a contact 

APM) Rare (eMC te : one . a ‘ 

Be ot ya pirat 3. Uniform Ductility which provides reproducible 
cadmium oxide wire, Thom . a 

son 710 — 90° Silver staking and double heading. 

Oa Orem hate 


Complete Data and Test Samples are available on request. 





Electrical Contacts Division 


suoson L. fn} JS@[N] mre. co., wautam 54, mass. 


Since 1885 
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New Kedimond Motor Is 


uvietest For Direct Drive Blowers 


OSCILLOSCOPE SHOWS THAT NEW REDMOND DESIGN 
REDUCES BLOWER VIBRATION TO ONE-FIFTH THAT OF 
UNITS USING CONVENTIONAL SHADED-POLE MOTORS 


You can see for yourself on the oscilloscope screen that 
the Redmond Type AY MicroMotor reduces blower 
vibration to only one-fifth that of competitive motors 
running in the blower. Whether you test with vibration 
testing equipment, a mechanic's stethoscope, or an oscil- 
loscope, you will conclude that the AY is the quietest 
direct-drive blower motor available. Use it to solve the 
problem of vibration in your blowers. 


The AY Tri-Flux motor is designed and manufactured 
in every way to give years of trouble-free service and 
whisper-quiet operation. The Tri-Flux design adds a 
third flux path, making possible a larger diameter 
shaded-pole motor that is more efficient and has higher 
starting and running torque than conventional shaded- 
pole motors. The positive oil system provides force-feed 


New 12-page catalog describes and 
illustrates basic line of Redmond fractional 
horsepower electric motors, blowers, and 
special products. Send request for your 
free copy to Redmond Company, Inc., 
Owosso, Michigan. 
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These photographs of the oscilloscope screen show the reduction 
of vibration in the blower when the Redmond Type AY Micro- 
Motor is used. The photo at the left shows blower vibration with 
the Redmond AY; the one at the right shows vibration with a 
competitive motor. 


lubrication. Recirculating the oil assures maximum bear- 
ing life. 

The new AY is ideal for a wide variety of applications 
requiring a quiet, economical, quality motor. Redmond 
sales engineers are skilled technicians whose primary 
function is applying a motor to your product. Contact 
us at Owosso, Michigan, and we will have the Redmond 
sales engineer in your district call you at once. See your 
telephone book for locations of sales offices in Cincinnati; 
Cleveland; Dallas; Newark; El Segundo, California; and 
Oak Park, Illinois. 


The Standard of Dependability 


COMPANY, Inc. 


Subsidiary of CONTROLS COMPANY of AMERICA 


Owosso, MICHIGAN 


THE BIG NAME IN SMALL MOTORS 
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ALIRON® Copper-Base and 

Copper-Cored 
Three-layer and five-layer materials used 
for anodes in rectifier and amplifier tubes. 
Provide longer power output life . . . uniform 
heat dissipation . . . high electrical conduc- 
tivity...improved anode reradiation... and 
reduce costs, 


NICKEL 


TIN CLAD METAL STRIP 
and other Semiconductor Clad Metals 


A number of combinations of clad metals are 
available for use on base tabs, lead wires, 
whisker wires, base materials and enclosures 
in silicon and germanium diodes, transistors 
and germanium power transistors. 
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ALUMINUM-IRON ALLOYS 


For magnetic applications requiring low core 
losses aad high permeability at low flux 
densities in current and pulse transformers, 
relays, gyro mechanisms, servo mechanisms, 
missile guidance systems, etc. 


General Plate 


Clad Metals and Clad 
Electrical Contact Materials 


Solve Design Problems... 


Provide High 


eel 
ALUMINUM — 

sis aia 
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ALNIFER", NIFER” 


These clad metals are used as alternate ma- 
terials for solid pure nickel in electron tubes. 
They conserve critical material . . . reduce 
costs substantially. Supplied in annealed 
coils ready for your production. 


COPPER 


=” ALUMINUM 


ee a 
w Panera 
Tt 
| 
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ALCUPLATE! 


Easily formed, deep drawn or spun. Used for 
waveguides, component cases, variable con- 
denser blades, chassis and electrical or 
thermal conductive parts. Light in weight, 
saves up to 30% over the cost of solid copper. 


, + 
~~ 
dé 
CLAD ELECTRICAL CONTACT TAPES 


For products you want to automate, this 
modern contact form permits greater latitude 
in contact assembly design . . . automatic 
assembly of two or more parts in a single 
operation. Tape contacts are easily attached 
by spot welding ... are self-aligning .. . 
and allow broader assembly tolerances. 
Save up to 40% in contact costs. 


C PRECIOUS METAL 


CLAD PRECIOUS METAL 
CONNECTOR MATERIALS 


High reliability of connectors, clips, terminals 
obtained by using gold and other precious 
metal alloy stripe materials . . . place high 
performance materials in the contact areas 

. cost-savings and improved performance 
over gold electroplated parts. 
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_ COPPER CORE 
GLASS SEALING ALLOY 


COPPER-CORED GLASS SEALING WIRES 


Featuring a sound metallurgical bond, these 
wires give three times greater conductivity 
than solid 52 alloy wire of equal diameter 

. they facilitate miniaturization. Features 
include: leakproof seal between alloy and 
core, high electrical and thermal conduc- 
tivity, lower costs. 


CLAD CONTACT MATERIALS 


Single and double inlay, overlay and toplay 
provide better electrical performance, longer 
operating life and lower fabrication costs. 
Complete assemblies can be made to close 
tolerances by single blanking and forming 
operations. 


General Plate clad precious-to-base or base-to-base metals are inseparably 
bonded by a patented solid-phase bonding process without the use of brazing 


alloys or other intermediate material. 


If you are seeking metals with useful characteristics that can’t be found in a single 
metal or alloy, investigate clad metals. If you want stronger or lighter components 


— or better electrical and mechanical properties 


or fewer corrosion problems 


— or if you are interested in conserving critical metals or reducing parts costs, 
you can profit by using General Plate Clad Metals. 


Write for a General Plate Clad Base Metals catalog today. Or better yet, why 


not talk over your requirements with a competent field engineer? His knowledge 


of the applications of clad metals is yours for the asking. No obligation, of course. 


METALS & CONTROLS 


1907 FOREST STREET. ATTLEBORO, MASS.USA 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


Performance Reliability 


GENERAL PLATE PRODUCTS: Clad Metals + Electrical Contacts + Truflex@ Thermostat Metal 
Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 
Circle 150 on page 17 
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For Missile Guidance Systems... Highly Accurate | ® “#librated to near 0° phase angles. 
® Constant output from —55°C to +150°C. 
Precision Motor Tach Generators Utilizing Thermister Networks for @ Manufactured from alloys with extremely low 
temperature coefficients. 
Temperature Compensation. ® Mass produced under exceptionally rigid 
quality control 


One reason why Oster units have high accuracy: 
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This Test Stand handles 12 units simultaneously, all temperature compensated to —55°C to +150°C. Also tests 
output voltage, phase shift and linearity. Test Stand has a speed accuracy of .01%, transformation accuracy of .001% 
and phase shift accuracy of 2 minutes. 


For your exacting space age requirements, specify Oster motor tach generators 


Lal 


New 16-page MOTOR TACH GENERATOR CATALOG No. 6000. 


Lists 20 basic types for military, scientific and industrial applications. 
Request your free copy today — on company letterhead, please. 


OTHER PRODUCTS INCLUDE: ‘ 


y, a 
Na tod 
Servos Orel hie) Your Rotating Equipment Specialist 
Sires ged) indicators at 


arte 16) Te ere tury ehhh tiie a 
elem Tel reley Servo Torque Units ae Ta 
Woy 


EASTERN 310 Northern Bivd. « Great Neck, Long island, New York WESTERN 5333 South Sepulveda Blvd. Culver City, California 
OFFICE Phone: HUnter 7-9030 + TWX Great NeckN.Y.2980 OFFICE Phone: EXmont 1-5742 + TExas 0-1194 * TWX S. Mon. 7671 


Interesting, varied work on designing transistor circuits 
Engineers For Advanced Projects: | and servo mechanisms. 


Contact Mr. Robert Burns, Personnel Manager, in confidence. 
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THIS IS GLASS 


A BULLETIN OF 


NEW PICTURE WINDOWS FOR 
NAVY'S NUCLEAR REACTORS 


In the “older” models of the Navy’s 
nuclear subs, a periscope was used for 
checking reactor operation 


Not so in today’s subs. Now you'll find 
giant peepholes—windows that let you 
look directly into nuclear compartments 

These windows are made from a com- 
bination of Corning high-lead-content 
glass and a plastic. The latter shields 
against neutron bombardment. The high 
density glass (6.2 cc, the equal of iron for 
shielding) protects against gamma rays. 

Just for the record, seagoing radiation 
windows are only one part of a rathet 
extensive line that Corning makes 

To date, for example, we've handled 
the shielding window problems of some 
200 “hot” cells. Such windows often ap- 
proach Gargantuan proportions . like 
the five-foot-thick, nine-ton job we fin- 
ished recently. 

The big advantage for you, the user, 
in all this aside from the fact that 
you can get any combination of three 
very special glasses we make for shielding 

is semplicity. You just tell us your 
energy level. wall thickness, andthe 
viewing area you need. We do the rest 

ship you a window that’s ready to 
install. IUs ‘as easy as that 

Added incentive: 
change we've come up with involves a 
more pronounced faper than was_ pre- 
viously used. ‘This makes for less weight, 
easier installation, better fit. 

Delve further into this subject by 
checking the box in the coupon, labeled 
“Radiation Shielding Windows.” ‘This 
will bring you a detailed booklet. Or 
drop a note outlining what's on your 
mind to Plant Equipment Sales Depart- 
ment. 


The most recent design 


THE HEART OF THE MATTER 


During certain operations involving th 
heart, both the heart and lungs are given 
a rest. 


ILLY 1959 


But the functions of these organs still 
must go on. So ingenious machines take 
over. Like the Kay-Cross rotating disc 
oxvgenator that does the work of the 
lungs, controlling the CO, and putting 
in pure oxygen. 

The main component of this oxygena- 
tor is a series of discs, so designed that 
blood spreads out without foaming or 
bubbling. 

Comes the commercial. ‘These metal 
discs must be enclosed in a container 
\nd the people who make the oxygena- 
tor, Pemco, Inc., chose a Pyrex brand 
glass to hold the discs 

For good reasons. First off, this Pyrex 
brand glass lets you keep careful watch 
over the color and flow of the blood, both 
very vital considerations to the medical 
men who use this machine 

Then, this Pyrex brand glass is inert 
chemically. It does not add to or take 
from the blood in any way 
pickup, no side ettects 

And, because this glass has a low co- 
ethcient of thermal expansion, 32 x 
10°7in/in/°C., the entire machine can be 
steam sterilized wzthout any fear of danget 
from thermal shock. 

While this particular application may 
be far afield from your work, one of the 
Pyrex brand glasses may still turn out 
to be the answer to one of the tough de- 
sign problems you are now facing. 

You'll find that this transparent, corro- 
sion- and thermal-shock-resistant glass is 


There is no 


CORNING MEANS 


PRACTICAL NEW IDEAS 


RESEARCH 1 N 


FROM CORNING 


available in rod, tubing and flat glass 
And it can be worked into a wide variety 
of special shapes by automatic pressing 
and blowing machinery. 

Perhaps the best approach for you is 
to avail yourself of two well-detailed 
reference folders, B-83, ‘‘Properties of 
Selected Commercial Glasses,” and IZ-1, 
“Designing with Glass for Industrial, 
Commercial and Consumer Applica- 
tions.’ Use the coupon 


YOU CAN MAKE GLASS BREAK 
THE WAY YOU WANT WHEN 
YOU WANT 


Tempered glass breaks in a very special way 
and that has led 
to some very special uses 

Rupture dises—Say you're holding a 
liquid or a gas in a container and at some 


we call it “dicing” 


precise moment you want to release it 
suddenly and smoothly. You can insert 
a tempered glass disc in your container, 
a disc that has been prepared to disinte- 
grate at a given pressure 

The pressure can be applied by the 
fluid or by a small charge attached to the 
disc. When you want it to go, the glass 
will shatter instantaneously and homo- 
geneously into small pieces 

Probable uses for this include safety 
valves on provess equipment and as a sub- 
stitute for intricate valving on fuel injec- 
lion systems. Using Pyrex brand Glass 
No. 7740, you can cross corrosion off as 
an inhibiting factor on valves. Pressure 
ranges run from 100 to 1000 psi 

Vfetal samples and billiard balls 
also being used in the form of tubes to 
remove samples from molten metals 
the glass crazes but holds together long 
enough for your sample to cool into a 
smooth cast; then you strip off the glass 
and you're ready for analysis. ‘The plas- 
tics people are using glass molds where 
they want smooth surfaces billiard 
balls, for example; when the plastic cools 


Glass is 


you just chip away the glass 

Want glass that breaks how and when 
Write to our Industrial 
Components Sales Department, spelling 


you want it 


out your problem 


GLASS 


w CORNING GLASS WORKS 59-7 Crystal Street, Corning,N.Y. 


Please send me: 


Name 
Company 


Street 


Circle 152 on page 


“Radiation Shielding Windows 


Bulletin B-83; Bulletin IZ-1 


Title 
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round tones, deep tones, sharp tones, flat tones. 


copper makes brass, bells and bugles, trumpets and trombones. 


copper makes bronze for a beethoven bust. 
COPPER and copper makes wire. wire, wire, printed wire. 
MAKES wire for radio, wire for stereo. wire for telephony and tv. 
BEAUTIFUL music. modern music. copper's the conductor. 


without copper... how still the air. 
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° For information about Copper and Copper Alloys, & Brass Research 





* Your motor manufacturer has it 


Total Motor Burnout Protection“... 


Only New KLIXON Type T Protectors 
Completely Safeguard Your Motors 


NO OTHER PROTECTOR PROVIDES 
6-WAY COMPLETE PROTECTION 


Most conventional protectors used today may 

protect motors against up to four overheat 

conditions. KLIXON Type T Protectors safe- 

guard motors from all six conditions: 

1. Running overload with or without high 
ambient or ventilation blocked. 


2. Locked rotor normal voltage such as caused 
by mechanical failure of driven load. 

. Locked rotor caused by low voltage where 
decreased torque is insufficient to start 
load. 

- Locked rotor with main winding only in 
circuit resulting from open circuit start 
switch or open circuit in reversing switch. 

. Locked rotor with start winding only in 
circuit, such as that resulting from an open 
main winding circuit or open circuit in re- 
versing switch. 

. Running with both start and main windings 
in the circuit resulting from start switch 
failure in closed position or low voltage 
which prevents reaching switchover speed. 


With KLIxon Type T Protectors in induction motors you are assured of 
complete protection against all possible conditions that cause motor over- 
heating and burnouts. Here is how you benefit by using KLIXON-pro- 
tected motors... motors operate at safe maximum output without 
premature failure ... motor repairs, replacements and service are re- 
duced ...and most important, customer satisfaction and good will 
are retained. Be 100% safe... protect your motor-driven equipment 
completely against motor burnouts... specify on your purchase 
orders — ‘‘These motors to have KLIXON Type T Protectors.”’ 


Over 150,000,000 motors are protected against overheating and burning out 
with KLIXON PROTECTORS. 


METALS & CONTROLS 


3607 FOREST STREET, ATTLEBORO, MASS..U.S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


Spencer Products: Klixon « Inherent Overheat Motor Protectors 
Motor Starting Relays «+ Thermostats « Precision Switches « Circuit Breakers 
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Fact or Fad 
in 


Components and Materials? 


THIS IS AN AGE susceptible to, if not actually 
dominated by, slogans and shibboleths, fads 
and fashions. It is not at all surprising there- 
fore that these influences have become ap- 
parent even in the supposedly unemotional 
areas of engineering materials, components 
and devices. It is possible to clearly discern 
a mist of unrealism over much of the pub- 
lished commercial and general technical 
literature, and the unreality obscures many 
specifications as well. 


There is a tendency to be bemused by 
the catchwords of the times. It will not do 


for a component to be anything but “micro- 
miniature,” “micromicrominiature,” or (for 
all we know) miniscule. Materials have to 
be “ultrahigh” or “elevated” in temperature 
rating or otherwise they descend to the “non- 
U” social category. Service life tends to be 
expressed in intimations of immortality 

and it would be a tough assignment to find 
an instrument that is not indestructible or 
not capable of precision within well-nigh 
invisible plus or minus limits. 

It would be too pat to blame this undesir- 
able trend on “commercialism” alone. All 
segments of the total design engineering field 
are to blame. Manufacturers and producers 
are at fault in trying to “reach” for perform- 
ance claims that are not fully validated by test 
evaluations. There is a tendency to extra- 
polate somewhat glibly and superficially from 
tentative data. At the same time there is a 
tendency to forget the sound and established 
worth of products fully proved by many 
years of use. What’s wrong with honest com- 
ponents that serve honestly and reliably at, 
say, 95 C? There is as much need for such 
components today as ever (perhaps more) 


despite the emergence of exotic require- 
ments. Manufacturers do disservice to the 
design engineers when components and ma- 
terials are pushed out of their normal and 
well-proved ratings for no other purpose 
than to meet the current “high fashion” 
styles! 

The makers of specifications (both within 
the Government and industry) carry their 
share of blame. Here there is too often a 
premature and unrealistic extension to com- 
mercial practice of incomplete or inadequate 
experimental data. Professional engineering 
societies, on their part, often establish test 
standards and procedures that industry finds 
difficult to accept. On the other hand, indus- 
try often drags its feet and is reluctant to 
meet such specifications even at a halfway 
manufacturing point. 

The equipment design engineer is some- 
what in the middle. He must be vigilant for 
current engineering high-fashion catchwords. 
He must demand facts in support of each 
claimed property and characteristic; he must 
also be able to demand proof of practicality 
for each specification requirement. Above 
all, he has to be an informed consumer in his 
field of evaluation, selection and specification 
of engineering materials, components and 
devices . . . And he has to be informed 
from the core out; he must know the funda- 
mental nature of the things he specifies as 
well as service function and service needs. 


CBB: Ee featt 
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D-C Torque Motors for 
SERVO APPLICATIONS 


The development of torque motors for 
servo applications has progressed to the 
point where units of various sizes and . 
performance capabilities are commercially 
available. They can be manufactured to 
meet a variety of severe environmental 
conditions and are being widely and suc- 
cessfully applied as electromagnetic trans- 


ducers. 





D. G. O'BRIEN, President* 
AMERICAN MEASUREMENT & ConrtroL, INc. 
Waltham, Massachusetts 


As A SERVO COMPONENT, the d-c torque motor produces 
an output torque and/or angular displacement propor- 
tional to the input current. In its common form (Fig. 
1), it is polarized by means of permanent magnets and 





is energized by the differential or additive d-c input 
current in two coils. The armature, which in this case 
takes the form of a rectangular flat plate, is supported 
in the pole pieces by two torsion shafts. The latter are 
machined to have a cruciform cross section, the dimen- 
sions of which determine the torsional spring rate of the 


. 
shaft. 
* Prior to assuming his present position in 1957, Mr. O'Brien was Senior Vice 
President for Engineering and Manufacturing at Midwestern’ Instruments Ine 
Tulsa, Okla 
. 





EDITOR’S NOTE 


The d-c torque motor for servo applications described 
here is not to be confused with the stalled-torque type 
used for many years for clamping functions in relatively 
high-power applications. The servo torque motor is a 
somewhat more recent device deriving its name primarily 
from the fact that the excitation current is directly 
proportional to the torque developed, said current sub- 
sequently being used, in many applications, as the error 
signal for the servo, One of its principal applications 





has been as the actuator of linear electrohydraulic servo 


valves. 
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Magnets 





Torsion shaft 


Armature 


Fig. 1 


In the outer ends of the armature are one or more 
threaded holes by means of which a load is attached. 
The limited angular motion of the armature is usually 
converted to translatory motion which, because of the 
relatively large ratio of moment arm to angular motion, 
is quite related linearly to the angular travel. Since the 
angular travel is made to be a reasonably linear func- 
tion of the input current, the result is a device in which 
the translatory displacement is proportional to input 
current, 

Due principally to the difficulty of accomplishing ac- 
curate prediction of performance when designing elec- 
tromagnetic devices of this nature, the present-day ap- 
proach to torque-motor design has been largely empirical 
and, of necessity, based on previous experimental re- 
sults. Without a fair amount of experimental evidence 
on which to build, the design of these units becomes 





Cutaway drawing and exploded view of a typical d-c torque motor. 


quite difficult; and frequently the results of a purely 
theoretical design are far from being completely satis- 
factory. Fortunately, however, a wide choice of sizes (as 
indicated in the headpiece) and performance capabilities 
are now commercially available. (See Table.) It is seldom 
necessary for the potential user of a torque motor to 
design and manufacture his own units. If he knows 
how to specify what he needs or can interpret the manu- 
facturers’ published specifications to determine whether 
or not what is commercially available meets his needs, 
he will usually find he can buy satisfactory units at far 
lower cost than he can develop and build them. 
Definition. It is necessary at this point to define 
what a torque motor is, not in terms of how it is built, 
but in terms of its performance. Considering it as a “black 
box,” what are its characteristics? First of all, a torque 
motor is a transducer which converts a d-c input current 


Characteristics of Commercially Available Torque Motors 

















Model (A. M. & C.) 101 102 103 104 106 
Stroke, in. +0 .006 +0 .007 +0008 +0015 +=0.020 
Stroking radius, in. 0.650 0.593 0.750 0.906 1.250 
Midposition force, lb as 5.0 8.0 13.0 15.0 
End-of-stroke force, Ib | 1.5 3:5 4.0 6.0 8.0 
Hysteresis, per cent | 2 2 2 2 2 
Resonant frequency, cps 950 775 | 600 400 250 

Size, in. 1%yX lle K 1% | 1% 13g &14%11% X 16% XK 134 | 15% K 2M 23% 24x3k x4 
Weight, oz 314 6 10 22 55 

Max power required, watts 1.65 2.70 3.0 5.3 4.5 

Std. coil resistance, ohms 2600 1700 1900 3200 2600 

Std. full-force current, ma 25 40 40 40 40 

Equiv. mass (M), Ib-sec? in. 1.1 X 10-5 1.5 xX i160" 3.5 X 10-5 7.3 X 30 14.2 < 167° 
Viscous damping (B), lb-sec/in. 2.4 X 10"° 2.9 X 10° 7.6 X1i¢" 8.4 X 10°? 8.9 X 10°? 
Net spring constant (K), Ib/in. 400 360 500 470 350 a 
Gain constant (Ky), Ib/A “ 0.05 0.13 0.20 0.33 0.38 
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Fig. 2—Output displacement vs values of input current for 
various loads for American Measurement & Control Model 104 
torque motor. 


into a mechanical force. Because this force is exerted 
on a pivoted armature, a torque is produced. The torque 
may be utilized in one of three ways: it can deflect the 
armature against a torsional restraining spring, it can 
be applied to an external load, or 
it can do both of these things simultaneously. 


more frequently 


The relationship which we have described in words 
is best visualized by means of curves such as_ those 
shown in Fig. 2. These are plots of displacement vs 
increments of input current with external load as a 
parameter for one model of torque motor. Many inter- 
esting facts about any torque motor may be learned from 
such a set of curves, as will be seen later. 





Fig. 3—Torque-motor test set-up using optical comparator and 
precision current bridge. 
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Measurement. To illustrate the instrumentation and 
test methods employed in testing a torque motor, a 
typical set-up is shown in Fig. 3. It consists primarily 
of a precision current bridge, an optical comparator, 
and a special test fixture which is used in conjuction 
with the optical stage of the comparator. This fixture 
permits the application of known dead-weight loads to 
the torque motor under test and provides an extension 
arm for the torque motor’s armature which multiplies 
the motion of the torque motor by a factor of 10. The 
sharp tip of the extension arm falls in the light path 
of the comparator and is projected on a specially cali- 
brated ground-glass screen through a 20 objective 
lens. With this arrangement, the displacement of the tip 
of the extension arm on the screen is 200 times as great 
as the displacement of the normal attachment point on 
the torque motor’s armature. Motions as small as 0.0001 
in. are easily and accurately measured. The current 
bridge employed supplies a known d-c current to an 
accuracy of 44 per cent in increments from 0 to 100 
ma. This instrument is equipped with a built-in bridge 
circuit which uses a mercury cell as a reference. 

Tests are run by applying a known dead-weight load 
to the torque motor’s armature while the current is 
increased from zero to maximum in one direction, back 
to zero, then to maximum in the other direction, back 
to zero, etc. The procedure is repeated several times in 
order to establish the hysteresis loop for the torque 
motor under test. Known values of torque-motor dis- 
placement are then established by adjusting the input 
current until the image on the screen of the comparator 
comes to the desired position. The input current is then 
precisely measured. Enough measurements are made to 
obtain a properly defined curve of displacement vs 
current. The dead-weight load is then changed and the 
procedure repeated. A typical family of curves obtained 
in this manner is shown in Fig. 2. 

Characteristic Curves. While the curves of Fig. 2 
are the direct result of plotting the data collected from 
the test described above, they are not as useful in apply- 
ing the torque motor to an actual situation as they might 
be if replotted on a different basis. A family of what 
might be called “characteristic” curves is shown in Fig. 
1. They were obtained by plotting output force as a 
function of displacement with input current as a para- 
meter. Through the use of these curves, the performance 
of the torque motor in any application where the force 
vs displacement characteristics of the load are known 
may be readily determined by graphical means. Two 
typical examples are shown plotted on the curves of 
Fig. 4. 

The sloping straight line K, represents the equivalent 
spring constant of a typical hydraulic servo valve. This 
spring constant might include any restraint in the valve 
itself in addition to its Bernoulli reaction forces which, 
in this case, are considered to be those of an ideal linear 
spring. The line, then, is the static load line for the 
torque motor. It describes the relationship between the 
torque motor’s loaded displacement (or servo valve con- 
trol motion) and the input current. It tells us, for 
instance, that in order to obtain 0.015 in. displacement 
from the torque-motor-servo-valve combination under 
the assumed load conditions, we must apply 30 ma of 
current. 

The end-of-stroke force of the loaded torque motor 
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Fig. 4—Characteristic curves (displacement vs load) for various 


input currents. Load lines used in determining torque motor 
operation are also shown. 


may also be determined from the curves in Fig. 4. This 
value is the difference between the output force (5.7 lb) 
at maximum current (40 ma) and maximum stroke 
(0.015 in.) and the force value (3.0 lb) which corre- 
sponds to the point at which the load line intercepts the 
maximum displacement value for the torque motor. For 
the example shown, if the current is increased from 30 
ma to 40 ma, an additional 2.7 lb of force will be ob- 
tained from the armature. This force margin, which is 
in addition to that required to produce full displacement 
under the assumed load condition, is available for over- 
coming the effects of dirt in the oil, frictional drag, or 
any other phenomena which might otherwise adversely 
affect the valve’s reliability. Under dynamic conditions, 
such additional force is necessary to accelerate the load 
mass in response to a changing input signal. 

The effect of loading the torque motor with a dead- 
weight or constant-force load can be seen by examination 
of the vertical line labelled W,. While this is not a very 
common type of torque-motor load, it is sometimes en- 
countered in practice. It can be seen that, when a 
dead weight of 3.5 lb is applied, the torque motor’s dis- 
placement goes from 0 to —0.0063 in. with no current 
applied. An increment of 10 ma must now be applied 
in order to bring the displacement of the torque motor 
back to zero. In order to displace the torque motor a 
full 0.015 in. against this type of load, a current of ap- 
proximately 32 ma must be applied. 

It can be seen from the two types of loads discussed 
that provided the torque motor’s load can be represented 
by a continuous curve drawn on a plot similar to Fig. 4, 
the loaded static performance of the torque motor can 
be completely determined. Characteristic curves similar 
to those shown in Fig. 4 can be constructed for any 
torque motor if the interrelations between 
placement and input current are known. 

Dynamic Performance. The foregoing considera- 
tions are, of course, similar to the graphical analysis 


force, dis- 
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of vacuum-tube circuits. It will be recalled that a reactive 
load in a vacuum-tube circuit results in an elliptical 
load line plotted on idealized (linear) vacuum-tube 
characteristic curves. Such a load line helps to visualize 
what is happening to currents and voltages in a vacuum- 
tube circuit, but is not too practical a method of analysis 
because its exact shape varies with frequency and it is 
difficult to construct if vacuum-tube non-linearities are 
taken into account. This is even more true in the case 
of a torque motor, not because it is any more non-linear 
(it is not), but because the equivalent load circuit usually 
contains several energy-storage (or reactive) elements 
which make the graphical analysis quite complex. 

The dynamic analysis of a torque motor is quite 
easily handled by frequency-response techniques.* Ne- 
glecting the self and mutual inductance of a torque- 
motor’s coils, the relationship between the output dis- 
placement and input current as a function of frequency 
may be expressed as follows: 

h = Ms (1) 
I M(jw)? + Bjw + K 


where 


X = output displacement of torque motor, in. 
7 = input current to torque motor, A ma 
Ky = force constant of torque motor, Ib/A ma 
VM = equivalent mass of torque motor, Ib-sec?/in. 
B = viscous damping of torque motor, lb-sec /in. 
K = net spring constant of torque motor, Ib/in. 
w = frequency of input signal, 27f, rad/sec 
J = complex operator / —1 


Collecting the real and imaginary terms in the denom- 
inator, the foregoing equation may be written 


a Ky (2) 
I (K — Mae?) + Bjw m 
Equation (2) may be written in non-dimensional form as: 
» ae l . 
as I (i =u’) + j (gu) (3) 
where 
he = x (gain constant) 
u= a 5 ul (non-dimensional frequency) 
B (d ; ‘atte? 
= 9 , kK Vl damping ratio 


Equation (3) may be expressed as an amplitude ratio 
and a phase shift by writing it in polar form as: 
X i 
= [IM | 19 
Ku = li (1) 
where 
M={[( u?)? + (2¢u)?}~! 


2tu 
ry —tan™ ( : :) 
l-—w 


Families of curves showing the amplitude ratio in deci- 
bels and the phase shift in degrees plotted against non- 
dimensional frequency u with the damping ratio ¢ as a 
parameter are shown in Figs. 5 and 6, respectively. lt 
is readily apparent that, if the values of the torque-motor 
constants K;, M, B and K are known (see table), an 
actual frequency response may be determined. Naturally, 


*See “Automatic Control System Design—-3, Frequency Kesponse and Transfer 


Functions,’ Execraica MANUFACTURING, June 1959, p 129 





the effects of the torque motor’s load must be considered 
in arriving at such a response. This can be done by 
adding the load’s mass, viscous drag, and spring constam 
to those of the torque motor. 

It should be noted that the foregoing is a linear 
analysis. If the load has non-linear effects (such as 
coulomb friction, variable spring rate, etc.), the above 
techniques do not apply but they may be used to get 
an approximation of dynamic performance. 

Hysteresis. A typical hysteresis loop for an unloaded 
torque motor is shown as the no-load displacement vs 
current curve in Fig. 2. Because the hysteresis is relatively 
small and the relationship between the output displace- 
ment and the current is reasonably linear, the hys- 
teresis of these types of devices is usually defined as the 
percentage ratio of the total zero-current displacement 


+) 


tude, 


error to the maximum peak-to-peak displacement (Y, 
a divided by Y, on the curve). It has been established : 
c that the major portion of this hysteresis is magnetic. 
= A torque motor in which the permanent magnets have 


not been charged can be manually deflected from stop 
to stop and show no discernible hysteresis. After the . 
permanent magnets have been charged to the necessary 
level and the torque motor is electrically displaced from 
stop to stop, a hysteresis of approximately 2 per cent 
can be observed. It should be pointed out that seldom 
in practice will a torque motor be programmed in such 
a way as to make it exhibit its maximum hysteresis. Con- 
sequently, the effective hysteresis is much reduced in 
actual applications. Moreover, when used in a closed- 
loop application, the feedback signal will usually act to 
reduce the effect of hysteresis. 

In situations where a torque motor is used in a force 


(Continued on page 180) 
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Fig. 5—Curves of absolute values of the magnitude of a torque 
motor’s non-dimensional frequency response. 
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Relative frequency, u Fig. 7—Curves showing relationship of 
inductance, resistance and input current 
for different coils used in one model of 


torque motor. 


Fig. 6—Phase shift of non-dimensional frequency response for same motor as in Fig. 5. 
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Relay Test Code 


The relay industry's common-purpose 


pooling of its top design and application 
engineering talents is now showing strong 
tangible results in the form of experience- 
formulated test standards and methods 


and definitions of terms. The recent 


Seventh National Conference on Electro- 
magnetic Relays again demonstrated that 
the annual meetings held at the Oklahoma 
State University are a powerful means of 
accelerating relay engineering by idea and 
experience exchange among relay design 


and use specialists. 


ARNOLD E. RUDAHL, Associate Editor 


EFFECTIVE CHANNELS of action and a resultant gathering 
momentum of relay-industry cooperative engineering of 
standards and common methods and definitions have clearly 
resulted from the establishment of the “Technical Com- 
mittee on Relay Testing Methods” by the National Associa- 
tion of Relay Manufacturers. The original forming of this 
Committee and its purposes were announced and discussed 
during last year’s Relay Conference*; this year decisive 
progress by the Committee was reported together with a 
repeated invitation for suggestions and comments from 
relay makers and users. 

The Oklahoma Conferences. jointly 
by the NARM and the School of Electrical Engineering of 
the Oklahoma State University, the seven annual relay con- 
ferences have been signally successful in unifying the engi- 


Sponsored 


neering purposes and practices in a component-producing 
industry. This has been accomplished essentially by meet- 
ings between technical people representing the makers and 
users of relays, informally as a consequence of the three- 


* Evectrican MANUFACTURING, June 1958, p 134 
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day duration of each conference and the facilities and ar- 
rangements provided by the University, and formally by the 
technical papers presented and discussed during each con- 
ference. The papers purposefully cover a range of interest 
and scope, from production and procurement problems in 
relay design and evaluation to analytical treatments of relay 
behavior and study of the relay as a circuit element and 
also as a mechanical configuration. This year, as a means 
of recognition of the excellence of the papers offered, the 
experienced background required and the labor of organi- 
zation of ideas and data in their preparation, a relay in- 
dustry committee selected for citation five of the papers 
“Fellowship in the College of Relay 
accomplish- 


presented, awarding a 
Engineers” in recognition of “engineering 
ments and contributions to relay engineering.” This practice 
will be continued in future conferences as an aid to selection 
of papers and to encourage the preparation and submission 
of papers. 

As a guide to the types of engineering papers that have 
been found to be of general interest at the Relay Confer- 
ences, it can be said that at each conference there are pa- 
pers dealing with relay test and evaluation methods and 
equipment, with relay design rationales, specific relay de- 
signs that exhibit particular points of engineering interest, 
and invariably a group of papers that describe and analyze 
relay application problems and experience, such as the use 
of d-c relays with rectifiers or other auxiliary external cir- 
cuits, contact noise and interference problems and cures, 
and discussions of relays as compared with other switching 
devices. In the testing and test-equipment category there 
are of course both the aspects of laboratory testing for de- 
sign and performance analysis and the highly important 
and active questions of relay evaluation for reliability, be- 
havior under physical and environmental stresses, and the 
engineering aspects of component procurement, specification 
and quality control. 

Relay Application. In the use of relays, a common 
circuit situation is the delivery to a relay of a single pulse 
of energy. A thorough analysis of relay and circuit behavior 
under these conditions was presented by Lawrence B. Stein, 
Jr., of Sigma Instruments, Inc., in “Single-Pulse Operation 
of Relays.” 
low energy content has particular application to bistable 
polar relays, commonly called magnetic latching, but also 
applies to neutral or non-polar relays where provision is 


“The operation of relays by single pulses of 


made for mechanical or electrical latching, or where only 
momentary closure of the normally open contacts is desired. 
The minimum energy required to transfer a relay armature 
from one contact to another is the sum of the mechanical work 
done and the electrical losses. The minimum mechanical 
work is that required to have the armature arrive at its 
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Fellows Named to Relay Engineering “College” 


At each annual National Conference on 
Electromagnetic Relays conducted at 
Oklahoma State University a major activity 
and interest is the presentation and dis- 
cussion of technical papers relating to 
relay design, application and specification 
problems and experiences. 

This year a committee selected five 
papers and their authors for particular 
citation on the basis of general excellence 
of technical contribution, and the authors 
were awarded diplomas as Fellows in the 
College of Relay Engineers. This award is 
sponsored by the National Association of 
Relay Manufacturers and has no connec- 
tion with Oklahoma State University. The 
awarding of these diplomas will be a 
regular practice at future Conferences. 

All persons actively involved and inter- 
ested in the technical problems relating to 
the relay industry are invited to submit 
ideas for possible papers to be presented 
at forthcoming conferences. These, and 
any suggestions or comments relating to 
the form or details of the annual Relay 
Conference, should be addressed to Profes- 
sor Charles F. Cameron, P. O. Box 6, 
Stillwater, Oklahoma, for consideration at 
the annual meeting of the NARM. 

The five diploma awards presented at 
the Seventh National Conference were as 


Engineer, P. R. 





Vibrator Division, 


Dioploarsssa: 


National Association of Relay Mamuefacturers 


This is to Certify that 


has been elected a Fellow in the 


College af Relay Lngineers 


for his Engineering accomplishments, and contributions to Relay Engineering. 
He is entitled to all of the Rights, Priveleges amd Honors appertaining thereto. 


3n Bitness thereof this day of ,19 


President NARM 


Mallory & Co., Ine., e L. B. Stein, Jr., Electrical Engineer, 
424 S. Madison, Du 


Sigma Instruments, Inc., 170 Pearl Street, 


follows: Quoin, Il].—*Probability Mathematics as S. Braintree 85, Mass.—‘Single-Pulse Op- 


e K. B. Austin, Director of Research, 


Avenue, New York 21, N. Y.—‘“Relay Coil 
Surge Voltage Effects at High Altitudes.” 
e@ Peter T. Millunzi, Senior Project 


final position with zero velocity, thus dissipating no energy 
on impact with the contact. The electrical losses consist of 
copper losses in the coil plus core losses. 

“We can calculate the work required to move a pendulum 
through a given angle, but the question is, should we push 
lightly for a long time, push firmly for a shorter time, or 
hit it with a hammer? We might guess intuitively that a 
current pulse just sufficient to produce a positive force on 
the armature until it had passed the point of no return 
would result in the expenditure of the least energy. In the 
case of a non-polar relay, the point of no return would be 
the normally-open contact, the closing of which might latch 
the relay through an auxiliary circuit. For a bi-stable polar 
relay, the point of no return is that place in the airgap 
where the static force due to the permanent magnet reverses 


Fig. 1—Relay armature, distance trav- 
elled from contact rest position to 
the center of the gap in relation to 
trip current, 


re 
curre 





c 
@ 
5 
° 
Fig. 2—Relay armature, current 
related to time during travel 
from contact to gap center. Time 
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a Relay Design Tool.” 
Allied Control] Company, Inc., 2 East End eS. M. DePuy, Electrical Engineer, 
General Electric Company, Specialty Con- Rene Thevin, Le Prototype Mechanique, 
trol Department, Waynesboro, Va.—“Why Paris, France—“Developments in the Do- 
Run Mechanical Life Tests?” 


eration of D-C Relays.” 
e Pierre Ugon (author), presented by 


main of Sensitive Subminiature Relays.” 


direction and causes the armature to continue to its new 
final position without further coil excitation. 

“In a bi-stable polar relay, assume that the force on the 
armature is directly proportional to its distance from the 
center of the gap for small distances either side of center 
and that the current required to overcome the latching 
force is proportional to the force. In order to comply with 
the requirement of maintaining a minimum positive accel- 
erating force toward the center of the gap, the current 
should start at ‘trip’ value when the armature rests on its 
contact, and decrease linearly with respect to distance until 
it reaches zero as the armature reaches the center of the 
gap. (Refer to Fig. 1, where s, is the distance travelled from 
contact to center of gap and i, is the current required to 
trip the relay.) Thus. i = (1 
tain constant force on the armature. the acceleration will 


$/S,)ij. Since we main- 


be constant, resulting in: 


we 
$= ( 


» 


Therefore, translating current into the time domain, we have: 


i ( l = ) 7 
\ -s) 

or simply i (1 kt?) i,, where k is a constant, Fig. 2. 

“One method is to store energy in a capacitor and then 
to discharge it into the relay coil. Figure 3 shows common 
circuits for accomplishing this. These circuits differ in detail 
only, all operating to produce essentially the same current 
pulse in the relay coil. 
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“Data was taken using the circuit of Fig. 3a and various 
values ot capacitance. For each capacitor, the lowest voltage 
at which the relay would operate reliably was recorded, and 
then a plot made of 4% CV? vs C, as in Fig. 4. The value 
of C resulting in minimum energy requirements was consid- 
ered as the best match for the particular relay. Further veri- 
fication was obtained by modifying the circuit of Fig. 3c 
as shown in Fig. 5. 

“It seemed desirable to relate the energy to the power 
required for other adjustments of the same relay. Repetition 
of the experiment indicated that the energy is directly pro- 
portional to the power, but that the capacitance value is 
unchanged as long as the same relay is used. This gives 
rise to a constant which we have chosen to call ‘micro- 
joules per milliwatt of adjustment,’ which can be expressed 
in milliseconds. It may be considered a constant over any 
range of adjustment where the proportion of electrical losses 
to mechanical work is reasonably constant. The energy re- 
quired is not a function of the coil resistance, assuming a 
fully wound coil bobbin. It is, therefore, necessary to relate 
the size of the storage capacitor to the coil resistance. 
Assume a relay having a coil of R ohms, N turns, and L 
henrys, requiring a capacitor of C microfarads charged to 
V volts to cause operation. It may be shown that if the coil 
resistance of the relay is changed, the storage capacitor 
must be changed so as to keep the RC product constant. 

“Two quantities must be known for a given type of relay 
in order to apply capacitor-stored pulses. They are the 
pulse sensitivity in microjoules per milliwatt of adjustment, 
and the matching constant, RC. Consider a relay with a 
pulse sensitivity of 30 microjoules per milliwatt and a 
matching constant of 2000 microsec (this is the unit if R 
is in ohms and C is in microfarads). Assume that the relay 
power sensitivity is 1.5 milliwatts and that we wish to oper- 
ate it from a 12-volt source. what coil resistance and capaci- 
tance shall we choose? First. we know we will require a 
total energy of 30 * 1.5, or 45 microjoules, from a capaci- 
tor charged to 12 volts: 

W = 4%CV? = 45 
Hence 
2 X 45 
(12)? 
where C is in microfarads, V is in volts. Since RC 
R = 2000/0.63 = 

“The choice of the best capacitor often results in a cir- 
cuit which can ring. If this is the case, it is wise to put 
the desired margin of energy (over the bare minimum re- 
quirements) in the form of additional capacitance at the 
calculated voltage rather than as additional voltage on the 
ideal capacitor, Fig. 6.” 

The question of relay contact protection and of electrical 
noise reduction by the use of various forms of relay coil 
shunts was explored by Louis D. DeLalio of Filtors, Inc., 
in “Effects of Shunting Circuits on Relay Operation.” Usu- 
ally, in circuits beyond the most elementary, the inductive 
loads on relay contacts are the coils of other relays. In the 
program of investigation, fit was assumed that the reduction 
of an inductive kick voltage from a high value to less than 


0.63 uf 


= 2000, 
3200 ohms coil resistance 





te—, 


Fig. 6—If energy margin in pulse operation of a relay is 
required, it should be obtained by excess capacitance at the 
calculated voltage rather than by using a higher voltage. The 
combination of proper V and C (left) results in one operation 
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Fig. 3—Various circuits for pulse operation of a relay by 
capacitor energy storage. In 3a, the capacitor discharges 
through relay coil after charging through current-limiting 
resistor R. In 3b, R is a high resistance, permitting slow 
charging of C and low average drain on the source. When 
the switch is closed, the charge is expended through the relay 
coil. When a capacitor is charged from a constant voltage 
source through a resistance (which may be only the source 
impedance), only one-half of the energy delivered is stored, 
and the other half dissipated as heat in the resistance. Circuit 
3e makes use of the otherwise wasted energy to operate the 
relay, leaving the capacitor charged after the operation (see 
Fig. 5). Cireuit 3d is for application when the relay is to be 
operated from a pulse which is shorter than the operate time 
of the relay. The capacitor acts as a pulse stretcher. It is 
necessary only that the energy content of the pulse seen by 
the coil and capacitor be sufficient to operate the relay. A 
diode between the source and the capacitor may be required 
to prevent discharge back through the source. 


Minimurr 4 
energy 


Fig. 4—Using the circuit of Fig. 3a, the lowest voltage at which 
the relay would operate reliably with various values of 
capacitance was measured. The resulting curve is of CV?/2 
related to C, The value of C with minimum energy require- 
ments is considered as the “best match” for the particular relay. 





Relay 
coll 


Fig. 5—Circuit for pulse operation of a relay in which two 
operations are achieved for the same total energy as required 
for one operation using the circuits of Fig. 3. Closing the 
switch causes relay operation in one direction as the capacitor 
charges; reversing the switch causes operation by capacitor 
discharge. 





| 
-Trip ----—- 
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of the relay (as desired), which also results from using proper 
V and excess C (left). Using an optimum C with excess voltage 
may result in two operations of the relay, frequently unde- 
sirable (center). 
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Fig. 7—Peak induced voltage and release time related to shunt 
capacitance for a typical 28-volt d-c, 6-pole, hermetically sealed 
relay. 


100 volts would result in a general noise reduction of sev- 
eral orders of magnitude. No attempt was made to analyze 
pulse frequency spectrum or radiation effectiveness. The 
relay-coil shunt circuits investigated were those employing 
capacitance, Zener semiconductors, diode-resistance circuits 
and varistors. The use of a shorted turn around a relay 
coil was also investigated. The variation in relay release 
time and reduction in peak induced voltage with various 
capacitance values in shunt with a relay coil are indicated 
in Fig. 7. When two silicon diodes with a Zener voltage of 
60 volts were placed cathode-to-cathode across the same 
relay coil, the peak induced voltage was considerably re- 
duced but the relay release time was only slightly affected. 
Of course, the proper Zener diode must be selected; a high 
Zener voltage will permit a high peak induced voltage. 
while too low a value will permit longer diode conduction, 
thereby extending release time. The effect of a diode-resistor 
shunting circuit on the same relay is shown in Fig. 8. When 
the relay contacts are opened, the negative peak voltage 
causes the diode to conduct, making the circuit effective. 
It can be seen that the resistance values have little effect 
on the peak induced voltage due to the limiting effects of 
the contact arc. The diode-resistor appears to be an accept- 
able method for reducing peak induced voltage. and the 
components are of sizes and shapes that permit their en- 
closure within relay housings in most instances. Exhaustive 
tests to date indicate that the additional components impose 
no added environmental limitations on the relay. The action 


Table |—Comparison of Effects of Various 
Arc-Inhibiting Circuits 


Results for a 28-volt d-c, 6-pole, her meticelly sealed relay 





Peak induced Release time, 


voltage millisec 
With- With- 
Method out With out With 
Capacitor, 0.22 uf 950 120 3 1.55 
Zener diode, 60 volts 950 190 iS 7 
Diode and 470-ohm resistor 950 80 1.5 5.4 
Varistor, Globar 432BNR-35 950 64 1.5 oe 


Results for a 28-volt d-c, 2-pole, crystsl-case relay 


Peak induced Release time, 


voltage millisec 
With- With- 
Method out With out With 
Capacitor, 0.22 uf 580 28 2.1 72 
Zener diode, 60 volts 580 170 at Ro 
Diode and 470-ohm resistor 580 20 73 5.1 
Varistor, Globar 432BNR-35 580 36 2-2 2.5 





84 


1000/- a T 









| | 
| ! 
Peak induced voltage 





lOO} 28 volts — Relay 
w d-c | coil 9 
= j “ 
S bidho = 
| = 
+ 


10 


Release time | 





| 1 

It 1 | 1 1 J| 

10 100 ik 10k 100k Im 
Shunt resistance (Rs) ,ohms 


Fig. 8—Peak induced voltage and release time related to 
resistance of diode shunt circuit for a typical 28-volt d-c, 6-pole, 
hermetically sealed relay. 


of a varistor in shunt with a relay coil is similar to that 
of the Zener diodes. The Zener diodes are sharp-cutoff de- 
vices, while the varistor is a device whose resistance is an 
exponential function of voltage. Selection of the proper 
varistor involves a compromise between peak induced volt- 
age and the relay release time. Difficulty has been experi- 
enced in obtaining a varistor shape and size which can be 
placed in a relay enclosure without increasing its size. 
Table I summarizes the results experienced with the use of 
the various forms of relay shunt circuits. 

A key to the much-discussed possibility of the replace- 
ment of relay functions by various forms of “static switch- 
ing” circuits and combinations of components is to be found 
in the summarized experience of one investigation by the 
International Business Machine Corp., presented by G. L. 
La Porte and R. A. Marcotte, in “Relays vs Semiconductors 
as Switching Devices.” “For computer and business-machine 
circuitry there is a degree of overlap in switching charac- 
teristics between semiconductors and relays, and a proper 
analysis of the application (keeping in mind the functional. 
cost, physical and standardization requirements) will deter- 
mine which type should be used. Switching applications, and 
consequently switching devices, have experienced a tremen- 
dous growth in both volume and complexity through the 
past twenty years. The growth of the electromechanical 
types has been one of necessity to keep pace with other de- 
velopments and devices; the growth of electronic types pre- 
dominantly one of invention and research. The basic differ- 
ence between the two types is the presence or absence of 
moving parts, as indicated by their names. There have been 
various definitions propounded for each type, depending on 
the detail required. Today let us use the following: 

‘A relay is an electromechanical switching device operated 
by a variation in the condition of one electrical circuit to 
effect the operation of devices in the same or other electrical 
circuits by opening and/or closing contacts. 

‘A semiconductor is a material or an alloy in which the 
interatomic bonds are easily broken and a_ controllable 
amount of conduction may occur even at room temperature. 
Germanium and silicon are best known today. Solid state 
devices utilizing this phenomenon are the transistor and diode, 
with an ever-increasing number of variations. 

‘Broadly speaking, a circuit switching device is a device 
operated by a change in conditions—either electrical, 
manual or environmental—to effect the operation of devices 
in the same or other electrical circuits.’ 

“Our discussion will center around the overlapped portion 
of the application of these devices. The perfection of the 
transistor indicates the greatest potential penetration of ihe 
relay field since the vacuum tube by eliminating most of 
the undesirable vacuum-tube characteristics; i.e., power, 
heat and size. Today we have some semiconductor devices 
capable of switching appreciable loads reliably. Transistor 
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actuating mechanisms are of either electrical, thermal, or 
radiation origin; the switching speeds are from 10 millisec 
to a few millimicrosec, depending on load. The slower re- 
sponse is found in semiconductors actuated by radiation or 
thermal gradient and in those which are switching appre- 
ciable loads. 

“Figure 9 shows a transistor circuit which can be used 
as a bilateral transfer circuit as a direct replacement for 
a relay transfer contact. Complementary inputs are required 
for the two transistors; therefore, a bi-stable device such 
as a trigger or inverter is required to drive this circuit. 
As a result, only one transistor will be ‘on’ at any one iime, 
simulating an energized or de-energized condition depend- 
ing on which one is ‘on’. Any signal appearing at the com- 
mon point of the two transistors (corresponding to the com- 
mon of a transfer circuit) will be transferred in phase to 
the NO or NC point, depending on which transistor in ‘on’. 
A signal may also be applied at either the NO and/or NC 
points and it will be transmitted in phase to the common 
point when the respective transistor is turned ‘on’. 

“There is a current loss due to the internal characteristics 
of the transistors, but it is small enough to permit the cas- 
cading of 10-15 stages before re-powering. The open-circuit 
resistance may vary from 100 to 300 k ohms and the closed 
circuit is approximately 1 ohm. The current-carrying capac- 
ity of these transistors is 1 amp, which is more than is rec- 
ommended for computer relay contacts when switching. A 
single bi-stable element such as a trigger could handle as 
many as 25 sets of transfer circuits. 

“A rough estimate of components needed to replace a 
4-position transfer relay would be 20 half-watt resistors and 
8 bilateral transistors. This is not considering the actuating 
device in either case. The semiconductor actuating device 
has more components than that of the electromechanical 
relay. All the transistor advantages discussed here (plus the 
big advantage of bilateral logic flow) apply to the circuit 
in Fig. 9. 

“Point-by-point replacement is not economically feasible 
at this time and it appears that it will not become economi- 
cally feasible for quite some time. The unit cost of a semi- 
conductor would have to be considerably less than the 
present cost of an industrial transistor. However, economics 
is not the only factor to be considered in replacing relays 
and in some critical applications, functional characteristics 
make it necessary to use a semiconductor. The relative 
advantages of relays and semiconductor switches are shown 
in Table II.” 

The “jet age” in aviation has raised altitude-dependent 
operating conditions for components to the point where 
basic revisions in the design approach are necessary rather 
than refinements and improvements. The evolution from 
20,000-30,000 ft to 50,000-80,000 ft as “high altitude” has 
had profound impact on the electrical design engineer’s 
problems through the reduction of electric strength between 
relay contacts (and between contacts or terminals and 
frame) and the reduction of insulation resistance due to 
humidity or condensation. The advent of the hermetically 
sealed relay removed the limitation of lowered breakdown 
voltage across contact gaps by maintaining normal gas pres- 
sures regardless of altitude, and it reduced the humidity 
problem by maintaining the interior of the relay in a dry 
state. However, the electric strength then became a function 
of the exposed terminals. 

The foregoing statement of the problem and the descrip- 
tion of its investigation are from “Relay Coil Surge Voltage 
Effects at High Altitude,” by Kirby B. Austin, Allied Con- 
trol Co., Inc. “There seems to be only a small amount of 
published data on the breakdown characteristics of headers 
and sealed relays for altitudes up to 80,000 ft and the agree- 
ment on the characteristics for a given size and type of 
terminal at a given spacing is poor. For the higher altitudes 
the data is very meager and even greater discrepancies 
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Fig. 9—Transistor bilateral transfer circuit. 


Table ll— 
a) Electromechanical Switches (Relays) 


| Disadvante g:s 





Advantages 
1. Positive action—the desired | 1. Inherent 
effects are very pronounced. 


contact bounce 
and chatter on most types. 


2. Flexible in contact material | 2. Operating speeds limited by 
and construction to provide mass. 
numerous contact combina- 
tions. 

3. A proven device—backed | 3. Actuating coil introduces 
up with many years of en- transients in circuitry. 
gineering effort. 

4. Can be made independent | 4. Contact materials and pres- 
of temperature, humidity or sures restrict use in so-called 
radiation within reason. dry circuits. 

5. Relatively low-cost switch- | 5. It is possible to get inter- 
ing when figured on a per- mittent failure. 
contact basis. (Relays at 
from 15 to 30 cents per 
point can be made on a mul- 
tipoint basis.) 

6. Readily available. 6. Life is limited due to wear 

of moving parts. 

7. Can be made to carry and 
break large loads. 

8. Visual analysis of operation | 


or state is usually possible. 





b) Semiconductor Switches 





1. High speed except for photo- | 1. Cost high on a per point 
conductors. basis. 

2. Reliable. 2. Complicates the power 
source. 

3. Low power. 3. Reverse-voltage limitations. 

4. Small. 4. Relatively new—still under- 
going development. 

5. Long life. 5. Has a definite shelf life. 

6. Nocontacts,thusnochatter. | 6. Affected by temperature. 


7. Versatility in types of con- 
trol. 


8. Flexibility in logic. 
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appear to exist. Even the altitude vs pressure tables do not 
agree, although these are rapidly being revised as more 
accurate data is made available from the 
various missile and rocket flights. Most of the tables or 
charts show the pressures at the temperatures that exist 
for the given altitudes. Thus, when making simulated alti- 
tude tests at room temperature, the pressure values must 


be corrected accordingly. 


“To accurately determine the effects of relay-coil surge 
voltage at the higher altitudes, the test voltage should be 
pulses of short duration, preferably the actual surge voltage 
pulses produced by operating the relay under test instead 
of the sinusoidal voltage from a high-potential test set. The 
coil surge voltages produced in the ordinary operation of a 
relay at low altitudes are not very troublesome except possi- 
bly for wear of the contacts energizing the coil. At high 
altitudes, the surge voltage is usually well in excess of the 
breakdown voltage of the relay terminals and can be ex- 
pected to cause a glow discharge across the coil terminals 


An Invitation to Relay Designers and 
Users. In October 1957 the relatively 
modest purpose of the NARM Technical 
Committee was described as “to prepare a 
test code for testing of relay contacts for 
low-energy circuit applications.” In Janu- 
ary 1958 this purpose was expanded to: 
“Prepare a test code for the measure- 
ment of electrical characteristics, contact 
life testing, and environmental testing, 
including vibration, shock, acceleration, 
etc. In other words, this assignment will 
cover all of the test requirements en- 
countered by manufacturers of relays to 
meet the specifications required by the 
military and other customers.” 

That the larger task must be undertaken 
became apparent immediately when the 
initial attempt was made to evolve a 
standard relay test procedure limited to an 
investigation of dry-circuit problems. The 
resulting project for an overall study of 
relay testing was divided among six sub- 
ommittees, 

After a year or more of active investiga- 
tion and study, these various subcommit- 
tees are ready to report progress, but they 
all have found that some of the initial 
ideas of scope and emphasis required modi- 
fication, that questions which had been 
thought to be minor actually had ap- 
parently endless ramifications, and that 
there are many critical problems remaining 
that will require the attention of everyone 
cencerned in any way with the design and 
use of relays of all types. A primary 
purpose of the NARM Committee Progress 
Report will be to emphasize the areas of 
open question and possible controversy, 
and to urgently invite comment, questions 
and suggestions. (Note: names and ad- 
dresses of the chairmen of the Committee 
and the subcommittees are given below). 
Some of the unresolved or debatable ques- 
tions encountered to date were stressed in 
the informal and necessarily brief sum- 
maries delivered by the subcommittees 
during the Relay Conference. 

Dry Circuits. This term, it has been 
decided, is preferable to the “low energy” 
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for every operation of the relay. 

“In our tests the relay was placed on a metal vacuum- 
pump plate which was provided with two glass-insulated 
lead-in terminals. The relay was energized from a surge 
tester which included a peak-reading vacuum-tube voltmeter 
to indicate the peak value of the surge. An oscilloscope, 
connected across the relay coil through the voltage divider 


provided in the surge tester, offers the best means of detec- 


designation as having wider acceptance 
and being less open to confusion with 
other conditions aptly described as low 
energy. It is recommended that a definition 
of a dry-circuit condition be expressed in 
the form of current, voltage and resistance 
levels below which all circuits shall be 
considered dry circuits. This, in effect, is 
the establishment of an upper limit to the 
dry-circuit area, to distinguish between 
this and a so-called intermediate energy 
level area. A standard dry-circuit test with 
values or a range of values constituting 
maximum allowable test limits will be 
presented at a later date. 

A proposed definition of the absolute dry 
circuit is that range of contact loading in 
which only mechanical forces (impact, 
pressure, wipe, abrasion, strain-hardening) 
can change the condition of the contact 
interfaces; there can be no thermal effects 
(softening, melting) or electrical effects 
(arc transfer, bridge transfer, loss of ma- 
terial). Thus, in the dry-circuit condition, 
the open-circuit contact voltage does not, 
for an appreciable time, exceed the soften- 
ing voltage for the contact material used. 
(Note: there is now some thought that 
current should be limited to values less 
than the “minimum arcing current” for 
the particular contact material used.) The 
intermediate energy level is that range of 


contact loading in which mechanical, 
thermal and electrical effects (except 


arcing) can change the condition of the 
contact interfaces. This is contact loading 
exceeding dry-circuit loading but less 
than minimum arcing level for the mate- 
rial used. High energy level is contact 
loading in which mechanical, thermal and 
electrical effects can change the condition 
of the contact interfaces, and in which 
arcing and arc transfer will take place. 
Contact life and performance will be 
determined by such factors as loss of 
material, are transfer, mechanical _ stick- 
ing, welding and particle contamination. 
Further study is being devoted to defini- 
tions of re-entry, contact miss, dry-circuit 
failure, dry-circuit miss test, are transfer 


tion of dielectric breakdown. With the horizontal scale ex- 
panded, slight variations in the shape of the surge voltage 
transient or superimposed high-frequency oscillation can be 
detected at the start of breakdown before appreciable re- 
duction of the peak voltmeter reading is observed. 

“At altitudes above 80,000 ft we found some interesting 
phenomena. The electric strength of the typical sealed relay 
header drops to a minimum of 200 to 225 volts rms at an 
altitude of about 140,000 ft. Using the surge tester to pulse 
the relay, the peak surge voltage showed a reduction from 
1280 volts to 300 volts minimum at an altitude of 115,000 ft. 


and bridge transfer. 

A key general policy followed by the 
NARM Committee II and its subcom- 
mittees is to maintain alert and active in- 
tegration with any related or similar relay 
test and standardizing activities being con- 
ducted by military or other agencies or 
groups. This inevitably complicates the 
task, but in the ultimate will result in co- 
ordinated standards. In dry-circuit investi- 
gation, for instance, the work is being 
linked with that being done in certain 
military projects; with the Relay Commit- 
tee of the SAE; AIA, ASA and ASTM 
activities; and with discussions during the 
Contact Seminars at Pennsylvania State 
University. 

Electrical Characteristics. Definitions 
are the chronic difficulty here. What are 
“electrical characteristics?” Progress could 
be made only after it was decided that the 
purpose of this subcommittee’s work must 
be restricted to defining general test pro- 
cedures, indicating variations for particular 
conditions. Terms such as “contact resist- 
ance” and “insulation resistance” can be 
meaningful only with stipulation of volt- 
ages and currents. Relay terms such as 
“pull-in” and “drop-out” tend to have 
different meanings with suppliers and 
users; when one means maximum the 
other understands minimum, 

Contact-Life Testing. Here again, defi- 
nitions are required and suggestions in- 
vited. What is an “inductive” load? Should 
“lamp loads” be actual or simulated? The 
all-important question of monitoring relay 
tests must be resolved or any statements 
about contact life are meaningless. A 
letter and number code is proposed for 
indicating contact life, current rating and 
load type. 

Environmental Testing. This specifically 
does not include shock or vibration, but 
is concerned with corrosive atmosphere, 
altitude effects, thermal ambients and 
shock, and humidity. A. point that was 
stressed in connection with specifications 
(and testing) for environmental resistance 
is the necessity for component requirement 
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The 300 volts peak corresponds to an rms voltage of 212 
volts, which agrees quite well with the minimum values 
obtained with the high-pot test set. The radio interference 
from the relay and surge tester, while operating at sea level 
pressure, was barely noticeable on the broadcast. band. With 
a surge voltage peak of 1280 volts the interference became 
noticeable at an altitude of about 50,000 ft. and with a 
1000-volt peak at about 60,000 ft. At 115,000 ft, where the 
breakdown voltage is the lowest, the interference seemed to 
be a maximum and was severe enough to override all but 
the strongest local stations. At an altitude of about 240,000 
ft, the radio interference decreased to a barely noticeable 
level, indicating that the electric breakdown strength has 
again increased to a value where breakdown was not occur- 
ring at a surge voltage peak of 1,000 volts. This was con- 
firmed by noting that the peak-reading voltmeter on the 
surge tester showed the same 1000-volt reading as at sea 
level. Since the altitude vs breakdown voltage characteristic 
is quite steep in this region, breakdown and _ interference 


for the 1280-volt setting stopped at an altitude of about 
250,000 ft. 

“The standard ways of preventing corona in high-voltage 
power installations include using increased spacing and 
conductor sizes and the elimination of air gaps. Due io 
limitations in the size and weight of relays for aviation re- 
quirements, only the latter is practical in most cases. The 
air gaps can be eliminated mechanically with a filler such 
as an epoxy casting resin to completely enclose or encapsu- 
late the relay terminals and wiring. All exposed connections 
in circuits associated with the relay coil or with its contacts 
and other inductances must also be encapsulated. Another 
way is to add the usual suppression means such as a series 
resistor-capacitor combination or pair of diodes across the 
relay coil or across the contacts energizing the coil. To be 
fully effective, the suppression must reduce or limit the 
surge voltage to a value, possibly 200 volts, safely below 
the ionization potential of air at the critical altitude. Note 
that suppression of this order can be used only where an 





specifications to clearly define the kind 
and degree of deterioration (such as cor- 
acceptable after a_ test (not 
simply to cite a test as required). A test 
specification should describe tests; limits 
of component acceptability belong in 
component specifications. In altitude tests, 
it is considered that the dielectric test re- 
quirements should specify a maximum 
leakage current and that possibly this 
should be 500 microamp, with a test volt- 
age of 400. This subcommittee is also 
pointing out that there has been no assign- 
ment for the investigation of certain items 
which probably will require study, such 
as nuclear exposure, external pressure, 
ozone, fungus and shelf life. 

Vibration. On the basis of consideration 
to date, although the random-noise vibra- 
tion test system would appear to approach 
actual relay operating conditions, an actual 
test of this form has many complications 
that have not been resolved. A more prac- 
tical immediate approach is a sinusoidal 
displacement test with a maximum “g” 
level controlled as the peak of the sinusoid 
and the frequency made variable over the 
desired range. Test mounting should be 
the relay’s own normal mounting. An im- 
portant point is the definition of criteria 
of relay failure in vibration, for which re- 
course can be made to the fact that the 
chief concern is damage to relay opera- 
tion, so that electrical performance after 
vibration should be indicative of concealed 
mechanical variations. A major problem is 
contact “failure” during vibration. Contact 
monitoring specifications must be individ- 
ual, depending on expected service require- 
ments, but definitely stated, 

Shock, Acceleration and Tumbling. It 
is felt that tumbling is to be omitted from 
consideration as being more appropriately 
applied to complete equipment, not to 
components such as relays, and that ac- 
celeration be held in abeyance in view of 
the far greater problems presented by 
shock requirements and testing. 

It was quickly apparent that there must 
be a new design of shock machine to meet 
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relay shock-testing requirements. Objec- 
tives for a new design were established 
and presented to various shock machine 
builders. Further and still actively pro- 
gressing investigation has revealed that al- 
though there is room for difference of 
opinion on certain aspects of the shock 
test and the machine to perform it (as, for 
instance, the shock wave-form), the chief 
requirements are repeatability and con- 
trolled acceleration. It is the shortcomings 
in these factors that largely account for 
the vagaries in the results derived from 
shock tests conducted with the older 
“standard” forms of shock test. 

Advocates of a saw-tooth wave form be- 
lieve it to be superior because the shock 
response spectrum is reasonably flat from 
100 to 2000 cps for most pulses, whereas 
a half-sine pulse has voids in the response 
spectrum. Another claim is that the saw- 
tooth pulse is easier to define than the 
half-sine. A maximum 100 g, 6-millisec 
saw-tooth pulse is favored. Advocates of 
the half-sine wave claim that while the 
wave form does have nodes, the severity 
of the peaks on the half-sine decreases as 
the frequency increases, and that emphasis 
is placed where it is needed (at the lower 
frequencies), thus more truly simulating 
use conditions. Also, these nodes can be 
minimized by varying the pulse width of 
the shock wave. A maximum 100 g, 11- 
millisec half-sine wave is favored. 

Many of the available forms of acceler- 
ometer provide a dependable means of 
observing acceleration levels and shock 
pulse width when used with standard oscil- 
loscopes. Oscilloscopes and __ thyratron- 
chatter indicator circuits can be used for 
observing contact behavior during shock 
test. The actual shock-testing machine 
seems to have resisted further develop- 
ment, however, until recently. 

Based on extensive discussions and tests 
in cooperation with interested shock ma- 
chine manufacturers and with military 
agencies, new and apparently realistic spe- 
cifications for a relay shock test machine 
have been developed, and further immedi- 


ate work is in the direction of defining a 
shock pulse to provide the most significant 
shock test for relays. 
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Fig. 10—Relay design with geometrically balanced armature. 





Fig. 11—Relay design for equalizing armature forces. 


appreciable increase in drop-out time of the relay can be 
tolerated.” 

Relay Design. The advantages and the design prob- 
lems of the double-gap relay structure haye long received 
the attention of relay designers. For optical magnetic circuit 
design, Pierre Ugon, Ingenieur Conseil for Le Prototype 
Mechanique of Paris, was led to an asymmetrical configura- 
tion employing a double gap in very small relays, as re- 
ported in his “Developments in the Domain of Sensitive 
Subminiature Relays,” whereas John C. Schuessler of Leach 
Corporation, in a paper entitled “Double-Coil Relay With 
Single Working Gap,” described a basic relay design in 
which the balanced armature feature could be retained with 
a relay structure in which one gap only is “working” (the 
other being located at the armature hinge or pivot), with 
significant design advantages. 

M. Ugon stated, “A new relay design has recently been 
patented in the United States. It is already well established 
in European industry, and particularly in French aviation 
circles, where the component has been officially approved 
for airborne applications. 

“Subminiaturization is a process that, in addition to limit- 
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Fig. 12—Relay design with one working gap and one small 
fixed hinge gap. 
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ing available forces for a given milliwatt rating, entails flux 
losses and friction power losses which soon assume prohibi- 
tive proportions. Designers are inevitably faced with those 
problems associated with low-pressure contacts since, for a 
given number of milliwatts generating, for instance, 10 gm 
of useful force in a miniature relay, this force will be in the 
gram range, at most, in the case of subminiature relays. 

“Obviously, any friction loss saving is desirable. This 
leads to the adoption of flexible blade, tape or torsion-wire 
pivot designs. Here, designers are faced with a new problem 
inherent in the small magnitude of the forces considered. 
The flexibility demanded of the mobile elements makes 
them extremely vulnerable to shocks and vibration. Provision 
must be made for using the configuration that will minimize 
the reactions of the forces affecting the pivots. This par- 
ticular configuration, known and used by several designers, 
consists in arranging for the moving armature to be sub- 
jected to a torque such that its resultant on the pivot pin 
will be theoretically zero; i.e., practically negligible. This 
configuration, Fig. 10, does offer an interesting approach to 
miniaturization and yet the results are found to be markedly 
inferior to expectations. If the pole pieces are relatively 
long between the flux source (winding) and the application 
area (air gap), the result will be a flux leakage from one 
pole to the other. The only solution to this new problem will 
consist of reducing the leakage surface area; in other words, 
placing the gap as close as possible to the winding output 
terminals. 

“Here again, we come across a fresh problem: flux losses 
in the armature being non-symmetrical, the ideal torque 
conditions which we were trying to achieve (zero resultant 
force on the pivot pin) are unobtainable, and here we pay 
the penalty for what has been gained in reducing one pole 
arm. This is precisely the significant point which has been 
recognized by U.S. patent examiners, the feature which 
characterizes ‘Ugon’ relays. There exists a means of restor- 
ing a torque providing practically zero resultant on the 
pivot while retaining the advantages of the short center 
pole. We can, by judiciously proportioning the surface 
areas, equalize the two forces that act on either side of the 
armature. 

“In Fig. 11, if A is a coefficient depending on the flux 
within the gap and on the stable characteristics of the 
electromagnet, and e, and e, the respective air gaps at the 
ends of the mobile armature, then f, and f, are the forces 
respectively obtaining therein. 

fi = AS and fs: = Aes 
&* e2° 

“If we can arrange for a constant equality e,—e., the 
f, f. product can be expressed as: 

Si ae Ae 


4,S, = AS. or igs = 


“Now A is different from A, because of the losses, but 
we know that the ratio A./A, is practically constant. To 
ensure that the e, =e, condition remains constant at all 
times, the armature must be balanced. The forces will then 
be equal, or exactly opposed. 

“The above theoretical considerations have materialized 
into a subminiature relay which, in spite of its small size. 
yielded some valuable results, although not up to theoretical 
expectations. It then appeared that the choice of the mag- 
netic core metal should not be based on data compiled from 
experimentation on conventional-type relays. Metals held in 
high repute in other domains have yielded poor results, both 
as regards flux and remanance. Here, again, there appear 
to be substantial discrepancies in the laws of similitude. It 
may be that allowance must be made for the fact that, due 
to the low number of ampere-turns, the active area of the 
core material is located within the inadequately known 
range of ‘initial permeability’ values. Empirical investiga- 
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Relay Test Methods, Equipment and 
Definitions: An Engineering Progress 
Report. Test procedures and specifications 
which have evolved simply as rough-and- 
ready aids to procurement or even to “qual- 
ity control,” particularly when originally 
intended for one type of equipment and 
arbitrarily applied to others, can be useless 
or actively detrimental to engineering 
understanding of the true nature of equip- 
ment operation and of its design for im- 
provement. Significant testing and its an- 
alysis must be intimately related to the 
device to be tested and the _ physical, 
mechanical and electrical laws governing 
its behavior; to develop useful test methods 
and definitions for a component or device 


the device itself. Only when test standards 
are analytically developed can they ap- 
proach the ultimate goals for such stand- 
ards: to state specifications and limits for 
a component expressed in fundamental en- 
gineering units and terms so that the same 
results will be obtained in any similar test 
regardless of when the test is performed, 
or where, or by whom. 

It was a development task of this caliber 
that the engineering representatives of the 
relay industry assumed when, in 1957, the 
NARM Technical Committee on Relay 
Testing Methods was formed and its pur- 
poses defined. This Committee Il was a 
projection of an earlier committee devoted 
to a study of “low energy” relay contact 


A progress report of Committee II has 
now been prepared and will be ready for 
distribution on July 1. It will relate the 
detailed experiences, the lessons learned, 
and proposals of the various subcommittees 
devoted to each of the key aspects of relay 
testing and qualification; emphasis will be 
placed on the fact that relay test code 
development is a continuing progressive 
undertaking. Conclusions are tentative; 
there are many open questions and pre- 
viously unsuspected areas demanding 
deeper and more diverse investigation. 

Requests for copies of the Report of the 
NARM Committee on Test Methods and 
Procedures should be addressed to: Profes- 
sor Charles F. Cameron, Vice Chairman, 


is essentially to undertake a _ profound 


engineering investigation of the nature of in scope. 


tions, primarily centered on sintered nickel-iron metallurgy, 
have led to further improvements in relay performances 
and, at the same time, to a reduction of remanence to values 
below 10 per cent for overloadings up to 300 per cent. 

“This development work has matured into a 2 cu-cm relay 
weighing less than 6 gm, Fig. 12. The quality of its per- 
formance is best expressed by the fact that its operation 
approximates the requirements of theoretical formulas. The 
fast-response characteristics permit 800 operations per sec, 
with a service expectancy of one billion operations.” 

The new Leach version of the balanced-armature relay 
was described in its logical development by Mr. Schuessler. 
“Relays for use in limited space and printed-circuit applica- 
tions tend to be rectangular in shape. Practicality dictates 
a two-coil design if much in the way of ampere-turns is to 
be available for operating the unit. In most two-coil designs 
using a narrow rectangular shape, the armature takes on a 
rotary-type action operating on a pivot between two pole 
faces and with two working air gaps. For years we have 


Thermal Relay for Missile Environment. 
Static devices are frequently advanced as 
the only solution to the contemporary de- 
mand for component resistance to vibra- 
tion up to 2000 cps and 20 g as well as to 
random vibration and acoustic excitation, 
minimum shock resistance of 50 g, ambient 
temperature compensation to 125 C, and 
higher and unidirectional acceleration of 
5 to 10 g. Acting on the conviction that 
the basic simplicity of thermal relays pro- 
duces a reliability which is difficult to 
duplicate by other and more complex 
equipment, G-V Controls, Inc., Livingston, 


has now led to a completely new thermal 
relay with operating characteristics as 
follows: when energized and stabilized at 
a voltage 5 per cent below or above the 
critical voltage (which means that the 
contacts are within 1.2 mils of opening or 
closing) vibration of 30 ¢ over the range 
of 55-2000 eps or shocks of 50 ¢ and 11 


JULY 1959 


problems, now with a major enlargement 





millisec duration produce no contact chat- 
N. J., started a development program that ter. Temperature compensation is within 
+5 per cent from —65 to +125 C. Uni- 
directional accelerations up to 10 g in any 
direction produce less than 5 per cent 
change in timing. 

As indicated in the diagram, the new 
thermal relay uses two multiplying mech- 
anisms in cascade, as a single lever with 
a sufficiently high multiplying ratio would end. 


NARM Technical Committee II, P. O. Box 
6, Stillwater, Oklahoma. 


been producing a balanced-armature line of relays and have 
very successfully maintained a high standard of quality and 
reliability. The balanced-armature design consists of an 
armature located as close to the header as possible and 
with its hinge parallel to the face of the header. This gives 
a very high resistance to environmental conditions such as 
shock and vibration. To maintain the previously mentioned 
features, it was necessary to try to obtain a magnetic struc- 
ture that would readily allow production and still not detract 
from the relay’s basic requirement of a horizontal position. 

“In the new design, the armature is hinged in the standard 
manner, held in close proximity to a mating surface, and 
allowed to operate with only one working air gap instead 
of the usual two. As can be seen in Fig. 12, the armature 
works against a single-core head, as in a single-coil relay. 
The flux then flows, as shown in the drawing, through a 
fixed hinge gap into a rear core extension and through a 
second core and coil instead of the usual frame return path. 
The end result, then, is a single working-gap relay but with 


TNT 
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Heated expanding 
member 





have too low a resonance. By arranging 
the two mechanisms so that their axes of 
maximum sensitivity to vibration are at 
right angles, the overall vibration response 
was reduced. The heated expanding mem- 
ber is supported at both ends from the 
case by wide but thin flat strips of stain- 
less steel that allow only one degree of 
freedom—that of axial expansion at one 
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Fig. 13—Resistance to environmental effects improved by hori- 
zontal blade position. 


the advantages of two coils for increased ampere-turns. 
However, to approach the desired results of a single working 
gap and gain sufficient ampere-turns from the second coil, 
it is necessary to make the hinge joint with as low a re- 
luctance as possible; that is, a high permeance. To obtain 
the high permeance, it was necessary first to insure as large 
a mating area as possible between the armature and the 
rear core extension, and secondly, to keep the fixed gap 
between this rear core extension and armature to a minimum 
value. 

“We are currently successfully producing units of this 
basic design type which give us an efficient, powerful, mag- 
netic circuit to meet the most rugged specification require- 
ments satisfactorily. With the single working gap, double- 
coil approach, we are fully able to retain the balanced- 
armature relay design using the horizontal-position approach. 
This not only allows us to retain our usual armature posi- 
tion, but again gives a blade arrangement that offers the 
best resistance to shock, vibration and acceleration. With the 
horizontal position for the blades, the usual mounting used 
for the relay will place the blades in the best plane to 
resist the environmental effects (Fig. 13). When shock. 


Fig. 14—Switeh and relay r-f interference test console and 
(inset) typical relay card mounts. 


acceleration or vibration are encountered perpendicular to 
the header, the blades are in their only vulnerable position; 
however, in this plane the relay is in its most rigid mounting 
position. In the two side planes, which are the worst planes 
for the relay mounting, the blades are in their best position 
to resist external forces. Therefore, it can readily be seen 
that maintaining the armature and blade position of the 
balanced-armature relay line is a distinct advantage for the 
single working-gap approach.” 

Relay Testing. Relay failure due to high contact re- 
sistance can usually be attributed to contact contamination. 
Contact resistance measurement is a general and important 
operation in relay evaluation and design analysis, but since 
is a composite of factors, it is non- 
ohmic; the exact method and circuit conditions for contact 
resistance measurement require investigation and definition. 
In a paper by R. C. Sadler of Sandia Corp. and Truet B. 
Thompson of Oklahoma State University, reference is made 
to the use of voltage-current curves for evaluation of relay 
contact resistance, first suggested by R. L. Barns of the 
Bell Telephone Laboratories. “Since contacts do not follow 
Ohm’s law over a wide range of currents, the measure of 
the resistance of a pair of contacts for many values of cur- 
rent would be more useful than resistance for a single value 
of current. The method involves the application of a time 
function of current to closed contacts. The contact voltage 
drop is displayed by vertical displacement of an oscilloscope 
beam while the horizontal beam displacement is made pro- 
portional to the current flow through the contacts. The re- 
sult is a trace having its slope at any point equal to the 
instantaneous resistance of the contact at that current value. 
In 1958, in a paper presented at the Sixth conference, this 
method, using a 10-amp contact current, was described.* 
In the present paper, an E-] curve procedure having some 
features of a low-current test is described. This particular 
test uses a ramp function of current from a 6-volt source 
which is applied to closed contacts. It increases from zero 
to its maximum value of 100 ma in a few millisec. Coil 
current is supplied to the relay in such a way that it is 
operated at 10 to 20 times per sec. The oscilloscope is so 
connected that horizontal displacement of the beam is pro- 
portional to the contact current and vertical displacement 


contact “resistance” 


* Evecrrica, Manuracrurinc, June 1958, p 141 
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An Instrument for Plotting Relay Char- 
acteristics. One of the main problems in- 
volved in evaluating a proposed relay 
design is in deriving conclusions that are 
in useful or common terms, such as grams 
pull instead of lines per square inch. For 
this purpose the instrument and method 
shown have been derived, specifically for 
relay 
rent 


pulling against the Y sensing probe with 
a force equal to the relay initial pull. The 
micrometer is turned in the direction which 
allows the Y transducer to follow. As the 
armature is allowed to close by turning 
the micrometer, the gap decreases and 
the pull increases. The Y transducer out- 
put represents force, whereas the X output 
is displacement, producing a continuous 
measurement of one against the other in 
recorded form. (From a paper by John S, 
Jordan, North Electric Company, Galion, 
Ohio.) 





oe 








force-current and displacement-cur- 


evaluation, but having many other 
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possible uses such as for graphic analysis 
of spring characteristics. 

An X-Y recorder with a basic sensitivity 
of 10 millivolts for full-scale deflection and 
two strain-gage transducers are the basic 
equipment. One transducer used to 
measure force and the other displacement. 
The output voltages of the transducers are 
used to actuate the recorder along its 
X and Y axes, resulting in a plot of one 
against the other. A typical group of relay 
force-travel curves is shown. 

The use of the arrangement for depict- 
ing relay force against travel is shown in 
the circuit diagram. Voltage is applied to 
the relay coil, and the armature is im- 
pelled to close. The armature does not 
close because the Y sensing probe is im- 
movable, so that the relay armature is 


is 


is proportional to the voltage drop across the contacts. Care 
is taken that the contacts do not make or break current 
during the testing. 

“The E-I curve method makes the contact-resistance meas- 
urement more meaningful by adding the passage of time, 
the larger number of readings, the variation of current, and 
the effects of closures. With slowly moving film, the time 
and closures could be extended to include life-testing under 
any desired current conditions and frequency of operation. 
The photographic record would show changes of resistance 
as functions of time, temperature, orientation, or some other 
controllable variable.” 

\ detailed of test methods, particular test 
results and the far-reaching importance of both conducted 


discussion 


and radiated interference from relays was contained in 
“Evaluating R-F Interference Properties of Relays,” by 
M. M. Abromavage and Z. V. Grobowski, both of Jansky & 
Bailey, Inc. Emphasis was placed on the fact that such inter- 
ference is by no means restricted to the system containing 
the offending component or circuit; mere presence in the 
vicinity of a noise source can cause unintelligibility in a 
communication system or false solutions in logic circuits. 
“Radio frequency interference (RFI) is measured with a 


highly sensitive radio receiver which is calibrated and oper- 
ated as a radio-frequency voltmeter or a field-intensity meter 


over a range of various radio frequencies, and includes a 
variety of probes and coupling devices. When conducted RFI 
measurements are desired, an appropriate instrument is used 
as an r-f voltmeter and is coupled to the circuit under test 
through a line impedance stabilization network. When the 
energy of a conducted signal is such that it is contained 
within a large range of frequencies, the signal is classified 
as a ‘broadband’ signal. To specify the amplitude of a 
broadband signal, it therefore becomes necessary to measure 
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the signal in terms of volts per cycle (a commonly used 
term is microvolts per kilocycle). Because the energy dis- 
tribution of a broadband signal is not usually uniform, it 
becomes necessary to describe the signal at several fre- 
quencies over the spectrum of interest. The distribution is 
then presented in tabular or graphical form. 

“The first task was the standardization of test conditions 
by designing an r-f interference test console for switches 
and relays, Fig. 14. This view shows the location of the 
physical controls, the location of the relay under test, the 
patch panel (in an unshielded condition) which provides 
various R-L-C loads for the test circuits, a few of the relays 
which have been used in the program and the standard card- 
mounting employed. Figure 15 is a block diagram of the 
complete system. This system may seem to be complex and 
elaborate, but it is somewhat necessary. Figure 16 shows 
the supposed RFI characteristic of a relay, as determined 
in a test in which neither the relay nor the contact load was 
shielded, and then the RFI characteristic of the same relay 
as determined in a test in which only the relay was exposed. 
Not only is the radiated interference level in the presence 
of the exposed load 10 to 300 times higher than the interfer- 
ence level from the relay alone, but the general characteristic 
of the interference levels is changed.” 

The advantages and usefulness of mechanical life testing 
of relays were emphasized by S. M. DePuy of the General 
Electric Co. “The relay industry has of necessity directed 
a greater effort toward improving the reliability of its prod- 
uct. Effort has been aimed primarily at improving contact 
reliability by research in contact materials, improvement of 
processes, and cleanliness studies. Equally important is the 
elimination of mechanical failures, such as are caused by 
binding, wear with its associated contaminating by-products, 
and fatigue of stressed members. One of the most practical 


91 





D-C load 

0-30 volts d-c voltage 

bottery selector 
Battery 
charger 


Relay 
coll 
voltage 
selector 
isolation Low -pass 
transformer filter 


A-C load 
voltage 
transformer 


Fig. 15—Switch and relay console block diagram. Relay test 
circuit load voltages are preset at the front end of the control 
system, as is the relay coil voltage. These voltages are then 
fed to a test program selector which determines a mode of test 
operation involving the overall test circuits. The modes include 
a choice of contact function whereby interference is measured 
only during “make” contact or only during “break” contact, 
repetitive or non-repetitive operation, and phase-angle control 
in a-c switching circuits. Phase-angle control of instantaneous 
a-c load voltages in the test circuit is provided by introducing 





and simple methods of monitoring and evaluating these 
sources of failure is the mechanical life test. 

“We do not propose that the mechanical life test be sub- 
stituted for testing under specified load conditions. However. 
there are a number of advantages which accrue from such. 
a program: 

1. Tests may be accelerated and results evaluated in a 
much shorter time by conducting relay tests at rates from 
5 to 20 times faster than when contacts are carrying load. 

2. The number of operations to failure will be several 
times greater than when operating with load. This is par- 
ticularly significant when fatigue limits are being deter- 
mined. 

3. Monitoring and testing circuitry may be greatly sim- 
plified. 

4. It is a method of separating the problems associated 
with mechanical wear and change from those problems 
directly attributable to handling current. These two prob- 
lems are often indistinguishable and interrelated in limiting 
contact life as determined by load life tests. 

Some of the mechanical weaknesses which have been 
uncovered by mechanical life testing are: 

1. Loss of properties in stressed members from improper 
temper, inadequate finish, or deficiencies in materials. 

2. Loss of properties due to incorrect processing, such 
as in soldering, where the joint itself may be deficient, or 
the properties of the joined member may be weakened by 
overheating or excessive alloying. 

3. Stress concentrations caused by tool marks, burns, 
or burrs caused by poor tooling. 

“It seems clear that the mechanical life test is a useful 
engineering tool. In addition to its diagnostic value, it can 
be used to establish the limits and uses of processes and 
materials.” , o0o°o 
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into the “coil control” circuits the “contact instant” selector, 
which is essentially a phase-shifting network. With the test 
program determined, test power is fed to the timer. The timer 
determines a cycling speed of operation of the test item and 
blocks all but the desired interference signal from reaching 
the measuring instrument. The various controls are electrically 
and physically isolated from the test circuits. The test circuits 
themselves are simple series circuits containing low-pass filters, 
the line impedance stabilization networks (Lisn), the test relay 
and any contact load impedances. 
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Fig. 16—Comparison of relay r-f interference measurements 
with relay unshielded compared with measurements with the 
relay shielded. 
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The use of highly reliable, subminiature 
magnetic counters makes this controller 
uniquely adaptable to many applications 
in which the job to be performed involves 
the counting of pieces, revolutions, units 
of length, etc. In the application described 
here, the control of the number of turns 
made by a coil winder, the desired num- 
ber is set into the controller on rotary. 
hand-operated switches, the number of 
turns made at any point in the operation 
appears on indicating lights, and_ the 
winder is stopped when the proper num- 


ber of turns has been applied. 


Numerical 


Controller 
Uses Magnetic Counters 


Counter 


Transducer 


"R’ coincidence 
"B' coincidence 


Fig. 1—Basie block diagram of numerical controller for coil- 


winding machine. 
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Fig. 2—View of coil-winding set-up 
with controller mounted on wall shelf. 


CARL ISBORN 

Project Engineer, Berkeley Division 
BecKMAN INSTRUMENTS, INC. 
Richmond, California 


THE DEVELOPMENT of a numerical control system for a 
coil-winding machine has led to a principle equally appli- 
cable to the control of other operations which involve (or 
can be made conducive to) the counting of a certain 
number of shaft rotations or objects, or amount of fluid 
or material flow. In the particular system described here, 
pulse counting is used to control the number of turns of 
wire put on a coil, thus simplifying the attention required 
from an operator, decreasing the amount of time needed 
for an operation, and, at the same time, reducing undue 
strains on the wire and the equipment. A better, more 
uniform coil, produced at a lower unit cost, is the result. 

Figure 1 is a block diagram of the system, while Fig. 2 
shows the physical setup of the equipment. A small perma- 
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Fig. 3—Close-up of variable-reactance pick-up in which a pulse 
is produced for each rotation of the shaft by the magnetized 
screw mounted on the shaft. 


ae 


switches 


Fig. 4—View of inside of numerical controller. 








Fig. 5—Basic bistable circuit consisting of the secondary of a 
saturable reactor, a capacitor and a resistor. 
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nent magnet is mounted on the shaft of the drive as shown 
in detail in Fig. 3. With each revolution of the shaft, the 
magnet comes near a small saturable reactor in the trans- 
ducer. The reactance of the transducer is reduced each 
time the magnet comes near. A high-frequency carrier 
voltage is impressed on the reactor so that, each time the 


reactance is lowered, a pulse is created in the carrier 
voltage. 

The pulses generated in the transducer are shaped and 
counted in the counter unit and then passed to the first 
(or “A”) coincidence unit. When the number of revolu- 
tions reaches the number which has previously been pre- 
set into the coincidence unit, the “A” 
and a resistance is placed in series with the power supply 


relay is energized 


to the drive motor to slow it down. When the number of 
revolutions reaches the number preset into the “B” 
coincidence unit, the “B” 
power from the motor and applying a brake. 

By the use of suitable transducers, it can be seen that 
this system can control a number of different operations. 
The counter units are built in modular form as shown in 
Fig. 4 to permit easy redesign to fit different systems. 

Electrical Design Considerations. The electrical 
design of this controller was strongly influenced by the 
requirements of extremely high reliability. Thus, as is 
usually the case when reliability is important, the possi- 


relay is energized, removing all 


bility of using magnetic components was considered. 
Such devices have an impressive record of reliability and 
have been used successfully even longer than the vacuum 
tube. Life-test data obtained on the subminiature saturable 
reactors used in this equipment indicate a failure rate of 
less than one per ten million unit-hours of service. One 
deterrent to their extensive use in digital control systems. 
however, has been the high cost of manufacture. The most 
commonly used magnetic saturable 
reactors consisting of toroidal cores and windings that 
are difficult and expensive to produce. To circumvent this 
obstacle, a new reactor using solenoid windings was devel- 


components are 


oped. As a result, cost was reduced to a small fraction of 
that of comparable toroidal types. 
The basic circuit used in the counting units is a bistable 
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Fig. 6—Voltage vs current plot for ferroresonant circuit such 
as shown in Fig. 5. 
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switch consisting primarily of a capacitor and inductor 
as shown in Fig. 5. Such a circuit, when supplied with 
the proper voltage and frequency, has two stable states, 
one characterized by high series impedance and low cur- 
rent and the other by low series impedance and high cur- 
rent. The second condition exists at what is called “ferro- 
resonance.” 

A plot of voltage vs current for a ferroresonant circuit 
takes the shape of an “S” as shown in Fig. 6. As the 
voltage across the circuit is increased, the current rises 
until, at point “C,” the core of the reactor begins to satu- 
rate. At this point, the inductance of LJ falls rapidly until 
the reactor and capacitor are in series resonance at point 
“E.” Further increase in the voltage beyond “E” brings a 
corresponding increase in the current. Notice that, al- 
though the voltage must be raised to point “C” to saturate 
the reactor initially, it remains saturated over the voltage 
range from “C” to “E.” 

Ring Counter. Several bistable circuits can be con- 
nected together to form a pulse-counting device. Figure 7 
shows such a circuit (known as a ring) made up of three 
saturable reactors (a fourth reactor at the left of the 
figure is used for triggering the others). This circuit has 
three discrete stable states and is called a “ring-of-three.” 
In the actual equipment for the coil-winding controller, 
there are ten stages in the counters to provide the full 
ten decimal digits and these are called “ring-of-ten.” 

To understand the counting circuit of Fig. 7. notice 
first that all of the secondaries of the reactors are con- 
nected to the high-frequency carrier supply through one 
capacitor, Cl. If Cl were shorted, the voltage across all 
bistable combinations would rise high enough to cause all 
the reactors to saturate due to carrier current alone. How- 
ever. since the carrier voltage is applied through Cl], the 
voltage across all reactors rises only until one reactor 
saturates and draws heavy current through its carrier 
winding. When this happens, the voltage across all three is 
lowered by the voltage drop across Cl. The lowered volt- 
age is high enough to maintain saturation in one reactor 
but not high enough to cause either of the other two to 
saturate. Because of this effect, one and only one reactor 
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can be saturated at any given time. 

Now let us see how saturation can be switched from 
one reactor to another, thus producing a counting action. 
So far we have talked only about the current in the car- 
rier, or secondary, windings. Now it is necessary to see 
what effect current in the control, or primary, windings 
will have. 

Referring again to Fig. 7, suppose SR2 is the saturat- 
ed reactor. A heavy current through the reactor raises 
the voltage level at the junction of the reactor secondary 
and capacitor C4. Through rectifier CR], this same high 
voltage charges capacitor C5. With the circuit in this 
condition, an input current pulse is applied to the control 
winding of SRI. The reactance of the SRI] carrier winding 
is lowered to the point at which SRI and C2 become 
series resonant and begin to draw heavy current. The 
voltage of the carrier bus is thus lowered to a value such 
that SR2 loses its saturation. Note that R2 keeps SRI and 
C2 from latching in the high-current condition. 

At the end of the input pulse, the voltage on the car- 
rier bus again rises until one of the reactors saturates. 
In this case, SR3 saturates first because it is already 
partially saturated by current flowing in its control 
winding as C5 discharges. The next input pulse returns 
SR3 to the non-saturated state and saturates SR4. Suc- 
cessive input pulses cause the saturated state to proceed 
around the ring in such a way that the lamps, /], /2 
and 1/3, indicate the number of pulses counted. 

The maximum counting rate of the ring-of-ten counter 
used in this equipment is approximately 8 ke, a value 
considered adequate for most industrial controllers. 
Special magnetic counters using a slightly modified 
circuit have been made with counting rates in excess of 
200 ke. 

Control Circuit. The digital counters are shown com- 
bined schematically with the remaining basic elements 
(the coincidence and relay circuits) of the control in 
Fig. 8. This is the circuit for either the “A” or the “B” 
relay in Fig. 1. The two are identical. 

The outputs of the counting units are applied to the 
terminals of selector switches S/] through S4. These 
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A ring-of-three circuit with a triggering stage. Similar circuit may be built up for a ring-of-ten. 
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Fig. 8—Schematic diagram showing 
connection of counter units through 
AND gate to coincidence amplifier and 
output relay. 


are mounted edgewise on the front of the controller as 
shown in Fig. 9. Before the operation of the coil winder 
is to begin, these switches are set to the number of turns 
at which it is desired to slow down and ultimately stop 
the machine. Then, when the proper number of turns 
has been rung up on the counters, there will be one, 
and only one, point at which all of the pointers of the 
switches will be in a “high-voltage” state. At this point 
the four silicon diodes in the AND gate are all blocked 
and the 40-volt d-c is supplied to the coincidence ampli- 
fier. As long as one of the switches is not in coincidence 
with the counter, this d-c supply is diverted to ground 
through the rectifier and resistor combination. 

The coincidence amplifier, consisting essentially of 
one n-p-n transistor, serves to lighten the load on the 
counters so that one counter can drive as many as ten 
control circuits without overloading. The transistor is 
operated in the cut-off condition until coincidence. at 
which time it turns on and delivers a negative pulse to 
the flip-flop circuit composed of SR20] and SR202. 

The flip-flop circuit is similar to the counters describ- 
ed above and could be considered a ring-of-two. It can 
be set by applying a pulse of either polarity to the 
control winding of SR20] and it can be reset by ap- 
plying a pulse to the control winding of SR202. Note 
that the “set” side of the flip-flop has an indicator light 
in series with the output. This lamp is mounted on the 


front panel of the controller and serves two purposes. 
First, it indicates when the relay has been activated, 
and, second, if the 39-ohm resistor in parallel with the 
lamp is removed, the relay closure is made only momen- 


tary. This momentary closure is caused by the resist- 


96 


ance change in the lamp filament. When cold, the 
resistance is approximately 8 ohms and the left branch 
of the flip-flop can maintain its saturated condition. As 
the lamp warms up, however, its resistance approaches 
approximately 40 ohms, creating a large voltage drop 
and reducing the voltage across the reactor so that the 
latter becomes unsaturated. Then the current switches 
to the right, or reset, side of the flip-flop and the relay 
is de-energized. The momentary closure lasts ap- 
proximately 1/10 sec for a No. 47-size lamp. The 
lamps are de-rated to approximately half voltage and 
therefore have indefinitely long life. 

The contacts of the relay are not shown in_ the 
diagram: however, it has two DPDT contacts rated at 
5 amp non-inductive load at 117 volts. It is housed in 
a dust-tight enclosure and is mounted on an octal plug 
for quick replacement. 

Input Transducers. There are two basic types of 
transducers which can be used with the Beckman numer- 
ical controller: 

(1) Variable impedance—such as the saturable re- 
actance (Model 480), the variable capacitance (Model 
167A) and the variable resistance photocell. 

(2) Voltaic—such as the photo-voltaic cell (silicon 
or selenium), the tachometer generator. and the crystal 
pick-up. 

The saturable reactance transducers listed above re- 
quire a carrier voltage for their operation. This supply 
is conveniently available in the controller, the same 
carrier being used by the magnetic counters. Due to the 
high frequency of this carrier supply (1.7 mc), the 
pick-up core can be very small in size and still control 
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Fig. 9—Front panel of numerical controller. 


significant amounts of power. With these small cores, 
good resolution with high-level, low-impedance output 
is possible. The low impedance of these devices makes 
them less subject to noise, and their large output makes 
it possible to eliminate the sensitivity and level controls 
from the instrument. The 1.7-mec carrier also works well 
with the variable capacitance transducers where a 4 or 
5 wpf change in capacitance is used to detune a resonant 
circuit, thus producing an output of several volts. 

When considering the use of voltaic types of transducers 
with the controller, it is helpful to examine the nature 
of the input circuit shown in Fig. 10. This is a Schmitt 
trigger circuit using a pair of n-p-n transistors. Its chief 
function, in addition to amplification, is to shape the 
input pulse for better triggering of the magnetic coun- 
ters. The hysteresis of the Schmitt circuit is approxi- 
mately 30 microamp, but a voltage input signal of 1 volt 
rms into the 10 k resistor is recommended to provide 
a margin of safety. In Fig. 10, the alternate input con- 
nection is shown for inputs obtained from a photo cell 
or a contact closure. 

Design Considerations. Other important factors 
considered in the design of the controller were reliabil- 
ity, utility and packaging. Of foremost importance in 
industrial equipment are reliability considerations. De- 
pendability demands are far in excess of those currently 
available in standard laboratory electronic equipment. 
To complicate matters further, this ultra-reliable equip- 
ment must be provided at the lowest possible cost. The 
philosophy of “design for worst case,” if applied to 
the design of industrial instruments, helps to insure 
maximum reliability. After this maximum has_ been 
achieved, the designer must contemplate the inevitable 
failures that will occur and make sure that they can be 
remedied with a minimum of down time. 

With regard to utility, most industrial control in- 
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Fig. 10—Schematic of input-pulse amplifier. 


struments perform only one task in a given installation. 
An instrument designed for such a specific application 
can always be made simpler to use and more reliable 
because it is possible to eliminate all unused controls 
and circuitry. The infinitely variable inputs and outputs 
of the flexible laboratory instrument are a decided 
handicap in most industrial applications. Consequently, 
in this numerical controller there are no input adjust- 
ments, sensitivity settings, or calibrations to be made. 

In packaging the numerical controller a dust-tight 
cabinet has been designed for wall or bench mounting. 
It features a sliding transparent door for limited access 
while full access for maintenance is possible through 
the removal of the entire cabinet. The latter gives ac- 
cess to all components without disrupting the controller’s 
operation. In a wall-mount installation, permanent 
condnit connections can be made to the standard outlet 
holes in the cabinet walls. 

Due to its modular construction, the controller can 
be separated at the mid-section and the control modules 
can be moved up so that they are beside the counter 
units to produce an 8°84 by 19 in. chassis suitable for 
mounting in a relay rack. The modular construction 
makes it possible to supply the customer with only what he 
needs in order to perform the required control function. 

Other Applications. In addition to controlling ma- 
chines such as universal and toroidal coil winders, it 
has been found that this controller is adaptable to 
many other control applications. Among the more im- 
portant is the cutting of materials to specified lengths. 
In this operation, the material to be cut passes over a 
suitable transducer which converts the motion into digital 
information. This digital output is fed into the con- 
troller which initiates the cutting action when the re- 
quired length has been reached. The addition of a second 
controller of the same type can be utilized to count and 
control the number of pieces of each length produced. 

By using sequentially programmed controllers of this 
type it is possible to instruct the cutting equipment to 
produce a certain number of pieces of length “a”, a 
number of length “b’, etc., the whole program to be 
carried out automatically. Other applications include 
batching or grouping a given number of specified 
articles for packaging purposes and sorting by means of 


a digital gaging process. O00 
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Design 
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DESIGN FLEXIBILITY to fit the specific requirements of 
many different machine functions is fundamental to the 
modern industrial motor control center. So is in-place 
changeability, since few machine installations remain 
static. Safety to men and machines during operation, 
inspection or maintenance is a must. 

These requirements make the design of the control 
“package” fully as important as the design of the control 
proper. Basic to the engineering of a modern control 
center is the careful consideration and coordination of 
a host of so-called details. 

Shown here are the mechanical details that implement 
the Cutler-Hammer concept of control-center design — 
trade-named Unitrol an organized, modular assembly 
of a wide variety of standard and special motor controls 
into a versatile structure that can be altered, expanded or 
contracted as control needs change. All elements are 
standardized: the modular principle applies not only to 
the individual control units in a single section, but to 
the section itself and to groups of sections in limitless 


combinations. OOO 


CONTROL UNIT CONSTRUCTION. Controls mount on U- 
shaped panels made up of top, bottom and back plates. Unit 
slides straight into position on, and guided by, unit support 
brackets mounted on U-channel of section side panels. Handles 
on front, top and bottom facilitate draw-out of unit to either 
disconnected test position or completely out of section, Screw- 
driver-adjusted cam-type fasteners, located away from all wir- 
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TYPICAL THREE-SECTION CONTROL CENTER. Sections 
are 20 in. wide x 20 in. deep x 90 in. high, with a nominal 
working height of 70 in. which can be divided into multiples of 
9 1/3 or 14 in. to accommodate from one to eight combination 
across-the-line motor-control units in unit heights of 9 1/3, 
18 2/3, 14, 28, 42, 56 or 70 in. Any combination of units whose 
heights total 70 in. can be used. With eight 9 1/3-in. units, 
working height becomes 75 2/3 in. Reversing and non-reversing 
control with motor circuit switch or circuit breaker in NEMA 
sizes 1 through 4 can be assembled in a single section with 
ample space for such options as control transformers, control 
fuses, 3-coil overload relay protection, terminal boards, ete. 
Size 1 to 4 can be installed back-to-back. Normal shipping 
sizes of complete control centers range from one to five sections. 


ing, lock unit panels in either “power-on” or “power-off” 
positions. Bottom-right fastener can be padlocked. Power con- 
nections to bus are made by three pairs of silver-plated jaws 
with stainless steel backup springs mounted on panel rear. 
Jaws are free-floating, self-aligning to assure full contact both 
sides of bus. Jaws utilize only half of bus depth to permit 
back-to-back mounting of control units. 
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SECTION CONSTRUCTION. Each section—whether used 
alone or in a group—is assembled with two 1-piece side panels 
formed of 12-gage steel. Vertical side edges are formed, rolled 
and folded for rigidity. A U-shaped member of 10-gage steel is 
welded to each side to support the vertical bus and control- 
unit mounting brackets. Two Z-shaped bars welded at the front 
and back edges of each side plate support wire retaining 
straps, horizontal cross bars and door hinges. Section sides 
are joined by six heavy steel double bars that also support 
the vertical bus. This rigid central frame is then mounted on 
l-in. channel iron sills. Dead back plate at top isolates hori- 
zontal bus (see below) and serves for mounting wiring chan- 
nel supports and master terminal boards. Top side openings 
provide for continuous bus extension and wiring between sec- 


TOP WIRING COMPARTMENT. 


Horizontal of continuous 


tions. Vertical bus on 2)4-in. centers is formed of 4 x 14-in. 
rectangular copper bar with rounded edges, silver plated for 
contact permanence. The three bars are centered to permit 
back-to-back connections and held in place by pairs of inter- 
locking non-tracking (Rostone type GCD) insulators clamped 
front and back by crossbars. Bus is rated at 300 amp but 
braced to withstand 25,000-amp rms short-circuit current. Doors 
are standard, pan-type flush, and sized to match control units. 
Horizontal cross members at modular intervals provide top 
and bottom support for doors. Top wiring compartments have 
15-in. high hinged doors front and back. All doors are 12-gage 
steel with turned edges. Hinges are concealed and fastened 
with two screws to permit the changing of door sizes in 


the field. 


(Continued on page 176) 


l-piece construction extending 


wiring trough—4 3/16 x 2 13/16 in. wide—is 
formed of round-edge steel straps that provide 
maximum access. Behind dead panels runs the 
horizontal bus mounted on non-tracking Mason- 
ite Benelex No. 70 insulated supports braced to 
withstand 25,000-amp rms short circuits. Bus is 


through from 1 to 5 sections. Ends are stubbed 
in steel supports easily replaced by copper links 
to extend bus into adjacent sections. Horizontal- 
to-vertical bus connections are heavy straps 
bolted for good contact. Each section top has 
three individually removable plates. 








Tests for Smooth-Running 
Rolling-Contact Bearings* 


Subjective listening tests are bound to be relative rather than quan- 


titative and hence unreliable for both bearing manufacturer and user. 


A method of vibration spectrum analysis is described for selecting 


quiet motor bearings; other tests apply to spindle bearings. Waviness 


in surfaces of bearing parts is correlated with bearing noise. 


T. W. MORRISON, Assistant to Vice President 
in charge of Engineering and Research 

TIBOR TALLIAN, Manager, Research Laboratory 

SKF Inoustries, Inc. 

Philadelphia, Pennsylvania 


AN ANTI-FRICTION BEARING is said to be smooth running 
if the machine or apparatus equipped with this bearing 
runs without objectionable audible noise and without 
harmful or excessive vibration. Much depends on the 
machine or apparatus in question. Smooth-running char- 
acteristics of wheel bearings in motor cars are, relatively, 
of secondary importance since it takes considerable noise 
here to be audible to the passengers. Motor-driven ap- 
pliances which might run constantly (such as room air- 
conditioners or refrigerators) but which operate in sur- 
roundings of extremely low ambient noise should have 
their noise levels reduced to a minimum, low pitched 
and uniform, without clicks, rattle or whine. 

In such appliances the electric motor is, in practically 
all cases, the fastest-running part and therefore the motor 
bearings are the most critical. While it has been demon- 
strated repeatedly that the noise emanating from a small 
electric motor is due in large part to sources other than 
the bearings, it is the practice of motor manufacturers 
to insist on the quietest-running anti-friction bearings 
obtainable. This insistence has probably been the largest 
single factor motivating the development of extremely 
smooth-running bearings by several leading anti-friction 
bearing manufacturers. 

Somewhat different requirements of smooth running 
exist for machine-tool and similar high-precision bear- 
ings. Many machine-tool rotating components, particu- 


* Based on an unpublished paper presented before the 1958 Annual Meeting 
of the American Society of Mechanical Engineers under the title: ‘*Characteris- 
tics of Smooth-Running Anti-Friction Bearings.”’ 
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larly spindles, must run with the minimum attainable 
runout and vibration in order to obtain fine surface 
finishes. Until recently, low radial and axial runout was 
considered to be the most important characteristic of a 
machine-tool spindle bearing. Lately, it has become in- 
creasingly evident that low runout is only one of several 
important prerequisites of a bearing to permit producing 
a good finish. 

It is essential for manufacturers of machines and ap 
pliances to have suitable final inspection of their prod- 
ucts to ensure that customers’ demands for quietness or 
smooth-running are satisfied. Often, assessment of the 
running qualities of a machine or apparatus is based on 
subjective observation. An electric motor may be judged 
by ear—either unaided or with the help of listening de- 
vices to amplify vibrations. A machine-tool spindle might 
be assessed by spindle runout measurements or more 
commonly by visual inspection of a machined surface 
for chatter marks. In either case, evaluation of the equip- 
ment is dependent to a large extent on the experience 
of the inspector, on circumstances of the test, and on the 
comparison of many concurrent items. Even the _best- 
trained inspector, working under uniform conditions, is 
influenced to grade an electric motor for quiet running 
by comparison with other motors, rejecting the noisiest 
in the lot, accepting the relatively smoother running. 
Evaluation of the severity of chatter marks by a visual 
examination also is very much a matter of opinion. 

A better method of assessing the assembled product, 
but one little used to date, is by means of noise or vibra- 
tion measurements accomplished with the aid of micro- 
phones or vibration pickups and suitable analyzing 
equipment. One obvious reason that industry has not 
used measurements is the difficulty of devising one that 
will be as revealing, overall, as good subjective assess- 
ment. There is no substitute for the trained ear in de- 
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tecting suspect noises in a machine. Clicks, rattles, 
changes in pitch and other irregular variations of noise 
that are clearly noticeable are difficult to detect with 
instrumentation—even the most elaborate kind. Micro- 
phonic measuring techniques also have the shortcomings 
of requiring extremely quiet surroundings and appreci- 
able time for making the measurements. Vibration 
measurements are more simply performed but are diff- 
cult to correlate with the audible noise of the machine. 


Acceptance Inspection of Anti-Friction Bearings 


Bearing manufacturers and, in some instances, major 
users of smooth-running anti-friction bearings have de- 
voted considerable effort to developing methods of in- 
spection which ensure that the bearings possess the de- 
gree of smooth running demanded in service. 

The simplest method of testing bearings for quiet 
operation is to spin them by hand and listen and feel 
for rough running. A more sensitive test consists of 
running the bearings on a spindle, utilizing an adapter 
which fits the bore with little looseness, while holding 
the outer race by hand. Listening to a bearing run at 
1800 or 3600 rpm on a very smooth spindle, and feeling 
vibrations of the outer race, is an extremely sensitive 
way of evaluating running characteristics. Experienced 
inspectors not only can detect bearing difficulties, such 
as damaged balls or rubbing seals, but can also differ- 
entiate between different levels of smooth running with 
reasonable success. Borderline cases, of course, present 
problems with this subjective inspection since there is 
the strong tendency to make comparative, rather than 
absolute evaluations, resulting in the roughest-running 
bearings of any lot being rejected, while the relatively 
smoother-running are accepted. 

As a result of a purchaser’s making comparative, 
rather than absolute, assessment of bearing smooth-run- 
ning characteristics, the bearing manufacturer frequently 
finds the purchase specifications being constantly tight- 
ened. If the purchaser compares different shipments of 
bearings, from the same or from different manufactur- 
ers, the ultimate effect is to maintain the acceptance lim- 
it at the level of the smoothest bearings received. 

The specifications for noise level of machines of dif- 
ferent sizes vary widely, even though the overall ma- 
chine design may be the same. Non-uniform require- 
ments for quietness of bearings of different sizes often 
result since the inspectors for incoming bearings will 
naturally be critical of those sizes which give most dif- 
ficulty on the assembly line. 

The testing of precision bearings for use in machine 
tools, where workpiece surfaces must be produced with- 
in stringent limits for surface roughness and chatter, is 
handled differently usually accomplished by 
measuring runout or various other bearing characteris- 
tics. Some of the tests applied by bearing users are: 

(a) Measurement of Repetitive Runout. If the mag- 
nitude of runout is very carefully measured, it will be 
found that it will vary from revolution to revolution. 
In some applications this variation can be correlated 
with the quality of the surface finish produced by the 
machine. By establishing permissible limits of varia- 


and is 


tion in runout, bearings suitable for the required serv- 
ice can be assured. 
(b) Check for 


load. Bearings with tapered bores may be pressed onto 


Loose Rollers Under Slight Pre- 
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a mandrel until a certain radial preload is applied. Under 
this preload, all rollers should rotate when one of the 
races is turned. If rollers slide without rotating, the in- 
dication is that either the rings have excessive geometric 
imperfections or the rollers are non-uniform. With such 
bearings, it has been found on occasion that under the 
loads imposed in machining, the bearings will deflect 
more than can be tolerated and chattered surfaces result. 

(c) Torque Testing. While there is, in general, no 
correlation between smooth-running characteristics and 
bearing torque, there are certain factors which appear 
to influence these two characteristics. One precision bear- 
ing manufacturer selects balls for smooth running and 
for low-torque precision bearings by measuring the roll- 
ing torque of balls under special conditions. 

(d) Measurement of Roller Accuracy. The diam- 
eter difference within a complement of rolling elements 
and the roller out-of-roundness, must be kept within suit- 
able low limits for the application. Many machine tool 
manufacturers check spindle bearings for these character- 
istics and set tolerances accordingly. 


Vibration Measurements 


More than twenty years ago, SKF Industries, Inc., in 
cooperation with Dr. E. J. Abbott, well-known designer of 
the Profilometer for measuring micro-surface roughness, 
began studies of means of assessing and improving the 
smooth-running characteristics of rolling-contact bear- 
ings. Later, SKF pursued the research in this area in 
its own laboratory, and the company* founded by Dr. 
Abbott developed instruments independently, leading to 
the bearing vibration tester called the Anderometer. 
Equipment of the SKF design is now in use in many 
of its plants. The Anderometer is being used by several 
bearing manufacturers and major users both here and 
abroad. Both makes of equipment work essentially on 
the same principle, although there are significant dif- 
ferences in detail. 

In a great majority of rolling-contact bearing applica- 
tions the outer ring is stationary and fitted into an en- 
closed housing forming part of the machine frame; the 
inner ring supports the rotating shaft. Bearing vibration 
is transmitted through the outer race to the stationary 


* Physicists Research Company, later renamed Micrometrical Manufacturing 
Company, Ann Arbor, Mich. 
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Instrument set-up for measuring bearing vibration. 
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Fig. 2—Vibration spectra of ball bearing in eight octaves. 


machine parts which, in turn, transmit it to the large 
exterior surfaces of the machine frame or housing cov- 
ers which are capable of radiating the vibration as 
noise. Seldom is a major part of the bearing noise 
transmitted by way of a rotating shaft. 
Since the vibrations are principally 
through the outer race, in measurement of vibration in 
production this race is maintained stationary and is con- 


transmitted 


tacted with a vibration sensing pickup (see Fig. 1). The 
inner race is rotated on a mandrel fitting the bore with 
very little clearance. The outer race is kept in position, 
either by hand or by mechanical means, and an axial 
applied to take up the internal bearing 
looseness to eliminate random motions of the rolling 
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elements and also to prevent cage rattle. To obtain a 
pickup motion which is identical with the radial vibra- 
tion of one point on the bearing outer race, the moving 
parts of the pickups are built with a minimum mass so 
that only light spring pressure is required to keep the 
stylus in contact with the race. The weight of all moving 
parts combined is often below one gram and spring- 
pressures of a few grams have been used. The usual pick- 
up generates an alternating voltage proportional to the 
vibrational velocities imparted to it, and this voltage is 
amplified, analyzed and metered. For practical purposes, 
the metered vibrational velocity is independent of the 
characteristics of the pickup and is solely dependent on 
the bearing characteristics. This, of course, is a pre- 
requisite for providing reproducible measurements for 
a given instrument and for comparable results from 
several instruments. 

The signal generated by the pickup is amplified and 
metered by a root-mean-square instrument. In view of 
the extreme range of magnitude of bearing vibrations 
encountered, decade attenuators are necessary. 


Spectrum of Bearing Vibrations 


The most critical consideration in the measurement of 
bearing vibrations is that of frequency. A typical vibra- 
tion spectrum of a ball bearing is shown in Fig. 2. The 
staircase-type graph was obtained by measuring the 
average vibrational velocity in an initial frequency band 
encompassing 0 to 75 cps and in seven subsequent oc- 
taves up to 9600 cps. While the reading in the last 
octave is questionable due to the possibility of pickup 
resonances, conclusions may safely be drawn from the 
other octaves. While the particular values shown in Fig. 
2 were obtained at 1800 rpm inner ring speed, the gen- 
eral appearance of the spectrum is relatively indepen- 
dent of speed over a comparatively wide range. 

Extensive research has resulted in several general 

conclusions as to the relative importance of particular 
segments of this spectrum and in methods of bearing 
inspection based thereon. The spectrum may be divided 
into three segments: frequencies below 250 cps. medi- 
um frequencies around 1000 cps, and the high frequency 
range above 3000 cps. 
’ (a) The segment showing high readings in the lowest 
frequencies has not been found to influence noise of 
machines in which the bearing operates. It does, how- 
ever, influence chatter produced by machine tools. 

(b) The segment comprising the medium-frequency 
range is important in testing quiet running. Good cor- 
relation has been found between measurements of bear- 








Se — Sawa 
11000 12000 13,000 








8000 9000 10,000 14,000 15,000 


Frequency, cps 


Fig. 3 
lower than bearing B. 


102 


Vibration spectra of two ball bearings. On the standard vibration tester, bearing A has a noise level averaging 7.5 db 
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ing vibration over this frequency range and the noise 
generated by quiet-running machinery equipped with 
the tested bearings. However, fine distinction as to the 
exact frequency range measured influences to a consider- 
able extent the correlation obtained. 

(c) The high-frequency range has not been as well 
explored as the other two. Few pickups completely free 
of resonances in this range have ever been produced. It 
has, nevertheless, been ascertained that this segment of 
the spectrum is highly unstable. Minor differences in 
cleanliness or lubrication of the bearing, in the method 
of loading, in pickup characteristics and in many other 
influencing factors can completely change the level and 
character of the readings of vibration. As a result, this 
segment is regarded by the bearing manufacturers as 
holding the least possibilities for evaluation of basic 
bearing characteristics. So far, it has not been possible 
to find good correlation between readings in this fre- 
quency range and the degree of smooth running exhib- 
ited by the machines equipped with the tested bearings. 

Unfortunately, this segment above 3000 cps is highly 
influential in determining the audible noise emanating 
from an un-enclosed bearing run on a spindle at moder- 
ate or high speed and evaluated by the human ear. 
Sharp hissing and whining sounds often fall into this 
frequency range, as do sounds produced by rubbing- 
type seals and many other sources. Unless user inspec- 
tors have a great amount of experience in detecting 
bearing noises that are known to correlate with sounds 
emitted by the assembled machine, a great deal of con- 
fusion can result from such audible tests. 

Certain bearing users have insisted that the vibrations 
measured in this high frequency range be maintained 
within very close limits. By meticulously observing cer- 
tain precautions in cleaning and lubricating the bearings, 
it is possible to supply bearings which conform to such 
standards, but it is our belief that this effort is not 
rewarded by smoother performance of the assembled 
equipment. 

Due to the differences in results obtained from the 
methods of inspection employed by users and the bear- 
ing manufacturers, it is apparent that innumerable dif- 
ficulties could be resclved with a uniferin technique of 
bearing vibratien testing. We are therefore offering 
evidence to convince users thet they should adhere to 
an accepied method of testing, 


Correlation between Vibrotian Readings 
and Motor Noise Levels 


Figures 3 and 4 show the results o° efforts ta corre- 
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late noise of electric motors with results of bearing tests 
on a standard vibration tester. Shown are the vibration 
spectra of two bearings labeled A and B. The only 
difference between these bearings is that of vibration 
level, and this is not complicated by significant differ- 
ences in spectral distribution of energy. 

Shown in Fig. 4 are the corresponding airborne-noise 
spectra of an electric motor, assembled in turn with the 
two test bearings, with the other bearing left unchanged. 
It is obvious that bearing B, with its high vibration 
level, produces higher noise peaks than bearing A in all 
frequencies but the lowest. (Below 600 cps these fre- 
quencies are known to stem from electrical sources and, 
below 100 cps, from mechanical and electrical unbal- 
ance). The total noise emitted by the motor with bearing 
A is 5 phons* lower than with bearing B. 

These charts show that bearings may be selected for 
satisfactory performance in electric motors by vibration 
testing techniques. The same selection can be accom- 
plished by a skilled inspector who uses his ear as an 
instrument, but there is difficulty in maintaining con- 
sistent standards of acceptability. Instrument-type in- 
spection has the obvious advantage that it is unaffected 
by bearing design and new standards of acceptability 
can be set up simply by calling for a different number 
on the meter. 

Two main arguments have been used against instru- 
ment-type bearing-vibration testing. One was that the 
results of the instrument inspection failed to correlate 
with results obtained on the assembly line, and the 
other was the alleged unreliability of readings of vibra- 
tion testing instruments. 

Experience over the past ten years offers conclusive 
evidence that correlation can be established in many 
application fields such as electric motors and it should 
not be difficult to prove it for other fields if necessary. 
Improved instrumentation and better methods for cali- 
bration permit instruments to repeat measurements with 
less than £15 per cent error. This margin of error still 
appears large but is a vast improvement over past per- 
formance and is satisfactory in nearly all cases. There 
is certainly no doubt but that the repeatability of audible 
noise testing by ear is poorer than this, particularly if 
more than one inspector is involved. 

What has been said of the instrument-type vibration 
test of bearings applies to both SKF’s instrument design 
and the commercially available Anderometer. Both the 


* The phon is a unit of loudness level and is equal to the sound pressure 
level in db (ref. 0.0002 microbar, the threshold of perceptible sound) of a 
1000-cps pure tone judged to be of equal loudness to the sound being considered 
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Airborne noise spectra of electric motor with bearings A and B of Fig. 3 at same end. 
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medium band of the Anderometer as presentiy used 
(frequencies extending from approximately 300 to 1800 
cps) and the somewhat different band used by SKF are 
suitable for the assessment of bearing smooth-running 
characteristics. However, further improvement will be 
made by a more suitable selection of bandwidth and 
location in the frequency spectrum and by several other 
steps presently being studied. 


Causes of Bearing Vibration 


A great amount of effort has gone into investigating 
the causes of bearing vibration. Based on the results of 
more than twenty years’ research, a fairly conclusive 
statement may be made regarding causes of vibration in 
ball bearings which lead to audible noise in electric 
motors and similar applications where the bearing runs 
under moderate load and at speeds of a few thousand 
rpm. The cause appears to be almost solely a certain 
type of imperfection in the surface geometry of the 
rolling elements and the rings, called waviness. Con- 
trary to expectation, number and size of rolling ele- 
ments, other geometrical variables in bearing design and 
type and design of the cage appear to have only minor 
influence, if any. 

When the concept of waviness was first introduced, it 
was based on the assumption that machined surfaces, 
particularly surfaces of rotation used as rolling elements 
and rings, show a periodic deviation from true circular 
contour which can appropriately be described as wavy. 
The concept has since been broadened to include both 
the regular wave pattern and random _ irregularities 
found on the surfaces of the components of smooth- 
running ball bearings finished by the most advanced 
techniques. With present manufacturing methods, peri- 


odic irregularities that influence bearing noise rarely 
exist. 

One way of measuring this waviness is to employ a 
stylus to trace around any cross section of a surface of 
revolution, plotting the deflections over the angular 
location of the point of tracing to form a polar diagram. 
(Such diagrams are obtained, for instance, by the use 
of the Talyrond tracing equipment made by Taylor, 
Taylor and Hobson of England.) If amplification is 
high enough to show the micro-geometrical variations, 
the polar diagram is highly irregular. Its interpretation 
is difficult, since the composite surface is made up of 
many shorter waves superimposed upon longer waves. 
all of irregular length and height. A harmonic analysis 
of such a diagram would permit evaluation of the mag- 
nitude of deviations from the true circular contour in 
various frequency bands and thereby provide a_ better 
interpretation. This is the principle employed in wavi- 
ness testing equipment designed by SKF and the Mi- 
crometrical Manufacturing Company under the trade 
name Wavometer. The SKF equipment consists of a 
pickup similar to the one used for vibration testing and 
an electronic amplifying and analyzing system (see 
panel). The tip of the pickup is displaced by the surface 
imperfections and its velocity is transformed into a pro- 
portional voltage. The voltage is metered by an rms-type 
instrument after being transformed in electric networks. 
The transformation involves two steps: 

(a) integration over time in order to obtain voltage 
values proportional to the displacement of the tip rather 
than to its velocity, and 

(b) selection of suitable frequency bands of the spec- 
trum of pickup-tip excursions by use of a series of band- 
pass filters. 


Ball Waviness Tester 


One version of the SKF ball waviness tester is shown 
in the accompanying illustration. It consists essentially 
of a true-running spindle driven at constant speed, a 
stationary ball seat (patent applied for) and an in- 
ductive pickup whose tip is utilized to sean the surface 
of the test ball. 

One of the most difficult components of the ball 
waviness tester to produce is a spindle which will run 
smoothly enough. Waviness tolerances for a high-grade 
ball are in small fractions of a micro-inch, and even 
the best spindle will not run true enough to avoid in- 
fluencing the readings of the higher-frequency waves. 

In the SKF waviness tester, designed to overcome 
this inherent inaccuracy, there is a stationary seat for 
the test ball made up of three balls. Since they do not 
rotate, the precise roundness of these balls has little 
influence on the measurements. The spindle serves only 
as a means of transmitting rotation to the test ball by 
the use of a spring-loaded driver free to align itself in 
any direction. It does not impose any constraint on the 
motions of the ball. Thus, any displacement of the axis 
of the ball due to rotation depends exclusively upon 
its own geometry. 

With standardization of support geometry, reproduc- 
ible and meaningful readings can be obtained. By the 
use of highest-precision support balls, extremely low 
waviness readings can be obtained, proving that vibra- 
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Waviness tester supports ball in nest of three stationary 
balls, drives test ball through spring-loaded member. 
Pickup stylus is behind support in this view. 


tions from sources other than surface imperfections of 
the tested ball do not affect the readings. Checks on 
3-point out-of-roundness of balls measured in 60-deg 
V-blocks as well as by the waviness testing instrument 
indicate that the waviness readings are of the right 
order of magnitude for at least 3 waves per circumfer- 
ence. 
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in a smooth-running ball bearing. 


The latter consideration is a most important factor. 
Originally, it was thought that practical limitations in 
using the equipment would restrict the number of bands 
to two at the most and that these should then be wide 
enough to include all pertinent frequencies. Equipment 
operating on this basis is marketed both in this country 
and abroad. While the equipment is useful in analyzing 
the surfaces of rolling-contact bearing races, bearing 
manufacturers have complained of difficulties in inter- 
preting results obtained and of poor correlation between 
waviness measurements and bearing vibration. 

We have felt it advisable to use a comparatively large 
number of frequency bands (five are in most general 
use), with the width of each band fixed at one octave. 
In selecting the five octaves in the waviness spectrum 
which would yield all necessary information, it was 
found more convenient to designate the wave bands by 
the number of waves included around the circumference 
of the surface of revolution rather than by the number 
of waves traced per second. Obviously, with a_ fixed 
speed of revolution of the test piece, conversion from 
one means of designation to the other is easy. It is 
satisfactory to measure the same number of waves per 
circumference for rings over a wide range of sizes. In 
cur plants the measurement of the spectrum segment 
is from 3 waves per circumference to around 100. From 
a typical graph of the waviness of a ball as used in 
smooth-running ball bearings (Fig. 5), it is seen that 
waviness magnitude rapidly decreases as the number of 
waves per circumference increases. From the very small 
magnitudes of the closer waves measured, it is evident 
that great sensitivity is available because the quantity 
actually sensed is not a displacement of a fraction of a 
microinch but rather the relatively larger velocity of 
the pickup tip. Waviness measurements with such tech- 
niques are used daily in the quality control of bearing 
parts to insure the degree of smooth running desired. 
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sembled with the two grades of balls 
measured for waviness in Fig. 6. 


Measurements can usually be repeated within + 15 per 
cent and this accuracy is constantly being improved. 


Correlation Between Waviness and Vibration 


Since the waviness of all the bearing parts is irregular 
and the relative angular positions of the balls vary 
continuously with respect to the bearing races, any 
correlation between waviness of parts and vibration of 
the assembled bearings must be statistical. Overlooking 
this fact in many of the previous investigations has been 
principally responsible for not arriving at correct con- 
clusions as to the causes of the vibrations. A complete 
account of the relationship between waviness of inner 
ring, balls and outer ring and the vibration of the ball 
bearing assembled from these parts would be overly 
lengthy. Instead, the correlation between ball waviness 
and vibration of the bearing will be used as an illus- 
tration. 

To demonstrate the correlation, two different grades 
of balls having different degrees of waviness (as indi- 
cated in Fig. 6) were assembled with inner and outer 
races, all manufactured and finished in like manner. 
Vibration readings were taken and averages of these 
readings for each of the two samples of bearings are 
indicated in Fig. 7. The correlation between waviness 
level and level of bearing vibration is unmistakable. 
This example is the more common condition where the 
waviness difference is found in all frequency bands in- 
stead of where only one or two of the bands occasion- 
ally will measure differently and cause a difference in 
bearing vibration. Consideration of this possibility led 
to the use of several narrow frequency bands which 
permit detection and control of spectral differences of 
this nature. 


Use of Waviness Tests 


The bearing manufacturer’s main interest in a meas- 
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Waviness Acceptance Limits for One Grade of 
Balls in Microinches 


(Applies to sample averages) 





Waves per 
circumference 7-13 13-27 27-53 53-107 | 107-213 
Ball size, in. 
175 1 80 1.24 0.76 0.36 0.2 
% | 1.88 | 1.3 0.80 0.40 0.2 


199 1.98 1 36 0.84 0.42 0.2 


54 2.08 1.42 0.88 0.44 0.22 
216 2.18 15 0.92 0.46 0.24 
Wie 2.24 1.58 0.96 0.48 0.24 


236 2.40 1 66 1.00 0.50 0.26 


34 2.56 1.74 1.06 0.52 


| 0.26 

2599 2.64 1.82 1.12 0.54 | 0.28 

Id 2.78 1.92 1.18 0.56 | 0.28 
21¢9 2.92 2.02 1.24 0.58 | 0.30 

1346 3.06 2.12 1.30 0 60 0.30 
1.00 3.22 2.22 1.36 0.62 0.32 





urement of the magnitude of waviness on races and 
rolling elements is to determine the parts responsible 
for excessive vibration and ultimately to control the 
process of finishing these parts so that a satisfactory 
product will be assured. Available waviness measuring 
methods are so time-consuming, however, that they pro- 
hibit the possibility of measuring all the parts that go 
into smooth-running bearings on any but a statistical 
basis. Fortunately, the processes used for finishing the 
parts are consistent enough to insure that large quanti- 
ties of parts are satisfactory, provided the waviness of 
a small sample is found within specified limits. Further, 
if the average waviness of the sample is suitable, the 
maximum waviness found in the lot will, in general, 
be suitable too. This is not to say that changes in finish- 
ing techniques do not cause variation in the character 
and dispersion of waviness distributions. A more refined 
evaluation of this distribution is, therefore, a desirable 
goal of the future. 

The question arises as to which frequency band of 
waviness is most important in producing smooth-running 
bearings. There is no general answer. It depends on 
bearing type, size and the definition of smooth running. 

Large amounts of data are available from the meas- 
urement of waviness and vibration of small ball bear- 
ings used in electric motors. It has been found that 
waviness of rings in the spectrum segment between 12 
and 100 waves per circumference is probably the most 
influential in causing audible noise. In balls, the most 
influential segment of the spectrum is between 6 and 50 
waves per circumference. 

Since the magnitude of the waves found on rolling- 
contact bearing components decreases as the number of 
waves increases, and since a realistic limit for the longer 
waves would be much too high for the closer waves, it 
is necessary to set limits for each octave. Practice shows 
that checks can be performed swiftly and that lots con- 
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forming to a suitable set of waviness limits can be 
manufactured with an excellent yield if methods of 
manufacture are suitable. 

With the increased indication that balls play an im- 
portant part in establishing the bearing vibration level, 
both users and manufacturers of balls have sought a 
method of specifying ball surface geomeiry. In the past, 
the AFBMA Ball Standard has specified only diameter 
difference and 2-point out-of-round of balls. These char- 
acteristics have very little influence on the bearing vi- 
bration. Investigation has also been made of the vibra- 
tion effect of 3-point out-of-round of balls but there is 
industry-wide agreement that this characteristic imparts 
only a minor contribution to the smooth-running quality 
of balls. 

In absence of adequate methods of measurement, balls 
for smooth-running bearings have been selected by as- 
sembling samples into races known to give smooth 
running. This method is effective but time-consuming, 
and results are only qualitative. 

Since surface waviness limits the ability of a ball to 
impart smooth running to a bearing, an adequate stand- 
ard for waviness must be included in any ball standard 
applying to smooth-running bearings. Waviness limits 
must include magnitude and frequency. An example of 
waviness limits for one grade of balls is shown in the 
accompanying table. Separate values exist for each 
octave band and the limits vary with ball size. The 
values apply to averages of samples of not less than 
five balls from a container or lot. Two other grades 
have been set up with smaller limits. 

It is evident from the decrease in ball waviness limits 
for the greater number of waves per circumference, 
and from actual readings taken on balls, Fig. 6, that 
wider bands would result in readings principally dom- 
inated by the lowest frequencies in the band, yielding 
little information concerning the closer waves. Hence, 
it would not be possible to state with certainty whether 
or not the balls would perform in bearings as desired. 

One of the major faults found with instruments for 
measuring surface geometry of bearing parts has been 
the difficulty of calibrating. SKF has employed master 
parts as a means of calibration. In the case of the 
ball-waviness tester, average readings of a selected sam- 
ple of balls are computed for all the bands. The balls 
are carefully preserved and, if necessary, are used to 
recalibrate the instrument. It is, in general, found that 
both the electronic circuitry and the pickup are very 
stable, and that drifts in gain are not experienced. 

Work is under way to develop methods of calibration 
using controlled sources of vibration. Such methods 
will be helpful for calibration of other instruments as 
well. 


The Influence of Surface Roughness 

Unbelievable as it might seem, the influence of sur- 
face roughness on bearing vibrations is considered to be 
negligible despite the fact that waviness values in high 
bands are of lesser order of magnitude than surface- 
roughness values. In principle, surface roughness is the 
same type of geometrical imperfection as waviness and 
the only difference is frequency. In a finely-finished 
surface, the wavelength of surface roughness is of the 
order of thousandths of an inch. Even on a ball as 
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~* ELECTRIC FIELD must originate from electric 
charges. A charge establishes a field and charged 
objects superimpose their fields and experience mechan- 
ical forces. Coulomb established this experimentally; 
Faraday showed further that the force is dependent on 
some property of the medium in which the charged 
objects are immersed. The combined results provide 
the Coulomb-Faraday law of electrostatic force: 


F (newtons) = k(Q,; Q»/R?) 


In this equation, Q, and Q. are the magnitudes of 
point charges (measured in coulombs), R is the 
separation between them (measured in meters), and 
k is a proportionality constant for a homogeneous 
medium. 

The newton is a unit of force equal to 10° dynes, or 
0.2248 Ib of force; it is the force required to induce an 
acceleration in a 1-kilogram mass of 1 meter per sec. 

The coulomb is the original large charge—a tre- 
mendous quantity. A negative charge of one coulomb 
is equivalent to the charge represented by 6 « 10" 
electrons. An electron has a negative charge equal to 
1.6026 (give or take 0.00003) 107° coulombs. 

The constant of proportionality kK = “4me. The con- 
stant « is the permittivity or inductive capacity of the 
medium. The permittivity of “free space” or a vacuum 
is €) = 8.854 « 10°'* couloumbs?/newton (meter)?. 
The permittivity of a medium is usually given relative 
to that of a vacuum, ep e/€0. 

The Coulomb-Faraday law may now be written in 
complete form and used to obtain numerical results: 





~ AA 
-s tre R? (1) 

The atomic bomb is a spectacular example of 
coulomb forces. Nuclear fission separates the posi- 
tively charged nucleus into several parts. (The force 
between two bodies having charges of one coulomb 
each and separated by one meter is 9 & 10° newtons 

one million tons. ) 

Equation (1) is the inverse square law and gives the 
force between two charges Q, and Q, a distance R 


apart. The force acts along a line between the two 
charges and is repulsive if the charges are alike in sign 
and attractive if they are of opposite sign. 

A field may also be defined as the effect of a force 
at a distance. Without reference to its origin, an elec- 
tric field is a region in which an object having inertia 
and an electric charge will experience a mechanical 
force. If we consider an object having a charge Q and 
experiencing a force F, then F/Q tends to limit as Q 
becomes smaller. The limit is a measure of the field 
intensity. The magnitude is a directed one and can be 
described in terms of an intensity vector E. Measure- 
ment is in volts per meter. Vector E will not have the 
same direction everywhere in the field and we can 
construct curves such that a tangent to a curve at any 
point gives the direction of E at that point. Such curves 
are “lines of force.” 

If x, y and z are orthogonal components of the 
vector E, the “line of force” may be described by the 
equation 

dx/x = dy/y = dz/z (2) 
It cannot be otherwise described—it is only a signpost 
for direction. 

To describe an electric field we may start by writing 
the Coulomb-Faraday law in vector form: 

0; Ov 


Ps tre Rh," 


ari (3) 
where F, the force on Q, and ap, a unit vector 
in the direction of R,.. The force is mutual. Each 
charge experiences a force of the same magnitude but 
of opposite direction as follows: 

O; Ov 
tre hh, 


O; Ov 


P, , ive 


ari (4) 


ara 


where a,., iS a unit vector in a direction opposite to 
that of ay... If Q, is multiplied by a factor n, the force 
is also multiplied by the same factor. Coulomb’s law 
is linear. In addition, the force on a charge in the 
presence of other charges is the sum of the forces on 
that charge due to each of the other charges acting 
separately. 


(Copyright 1959 by C-M Technical Publications Corporation) 
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Electric Field Intensity 


Consider a point charge Q, in fixed position. If we 
move a second charge around it, the force on such a 
test charge, Q,..., will be: 


Or Qeest 
> AR: test 


ae 
wi bre Ri test? 


his can be expressed as a force per unit charge: 


F.. st 0; 
Oost Awe Ry soot? AR: test () 


The size or the sign of the test charge is of no conse- 
quence here because, if the charge changes in magni- 
tude, the force on it changes accordingly; and if the 
charge changes in sign, the force obediently changes 
direction. The ratio F,..:/Qi.., remains the same and 
is a function of Q, and a directed line segment from Q, 


to the position of the test charge. This is a vector field 
and is called the field intensity. The field intensity may 
be defined as the vector force on a unit test charge. 
Field intensity is measured in newtons per coulomb, or 
force per unit charge. The practical expression in volts 
per meter is 


F ss 
E=> (5) 


ns 


Equation (4) is the expression for field intensity. In 
a field of a single point charge 
Q 


= : » ¢ 
E ive (6) 


where R is the magnitude of the vector R, which is a 
directed line segment from the point charge to the point 
where the field is measured, and a, is a unit vector 
(in the R direction). If the field-producing charge is 








Vector Analysis Notation 


Scalars and Vectors. Scalar refers to 
a quantity which has only a magnitude 
The x, y and z used in basic algebra 
are scalars; the quantities they represent 
are scalars. Voltage is also a_ scalar 
quantity; however, the complex repre- 
sentation of a sinusoidal voltage is a 
complex scalar. 

A vector quantity has both magnitude 
and direction in space. Vectors may be 
defined in n-dimensional space. Force, 
acceleration and velocity are examples of 
vectors. 

A field may be defined as an area of 
influence. The field concept is invari- 
ably related to a region. Both scalar and 
vector fields exist. The temperature and 
the density at any point in the earth are 
examples of scalar fields. The gravita- 
tional and magnetic fields of the earth, 
the voltage gradient in a dielectric, and 
the temperature gradient in a radiating 
fin are examples of vector fields. 

Vectors are indicated by bold face type. 
Scalars are printed in italic type. 

Vector Arithmetic. Vectors are added 
vectorially. Vector addition follows the 
parallelogram law; this can be done 
graphically. Figure I shows the sum of 
two vectors, A and B. Vector addition 
obeys the commutative law: A + B: 
B + A. Vector addition also obeys the 
associative law: A + (B + C) (A 4 
B) + Cc. 


A A+B 


Fig. 1—Vector addition of vectors A and 
B. Addition follows the commutative 


law: A+ B—B+A. 
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Vectors in three dimensions may be 
added by expressing the vectors in terms 
of three components and adding the 
components. 

For subtraction of vectors the sign 
and direction of the second vector are 
reversed; this vector is then added to the 
first by the rule for vector addition: 
A B=A + (— B). 

Vectors may be multiplied by scalars, 
in which case the vector magnitude 
changes but its direction does not. This 
multiplication obeys the associative and 
distributive laws of algebra thus: (r +-s) 
(A + B) r(A + B) + s(A 4+ B) 
rA + rB + sA + sB. 

Division of a vector by a scalar con- 
sists of multiplication by the reciprocal 
of that scalar. The multiplication of a 
vector by a vector is discussed below. 

Unit Vectors and Vector Components. 
A vector may be described in the carte- 
sian coordinate system by giving the 
three component vectors lying along the 
three coordinate axes whose vector sum 
is the given vector. When the component 
vectors of the vector r are x, y and z, 
r=—x-+ y+ z. The component vectors 
are shown in Fig. II. 

The component vectors have a mag- 
nitude which depends on the given vec- 
tor, but they each have a known and 
constant direction. This makes obvious 
the use of unit vectors having unit mag- 
nitude by definition and directed along 
the corresponding coordinate axes in the 
direction of increasing coordinate values. 
We identify the direction of a unit vector 
a by an appropriate subscript: for ex- 
ample, a., ay and a. are unit vectors in 
cartesian coordinates, and are directed 
along the x, y and z axes as shown in 
Fig. II. In cartesian coordinates, a vec- 
tor rp pointing from the origin to a point 
P (1,2,3) is written rp a, 2a, 3:. 

With a force vector F or any other 
vector than a displacement vector such 
as r, it would not do to call the three 
component vectors x, y and z because 
these are displacements or directed dis- 
tances and must be measured in meters 
or some other unit of length. The prob- 
lem is avoided by employing component 
scalars: F., F, and F:. They are the 
magnitudes of the component vectors. 


We write F = F.a, + F,a, + F.a:. The 
component vectors are F.a:, Fya, and 
F.a:. A vector A may be described as 
A = A,a: + A,a, + A.a:. The magni- 
tude of the vector A is written |A\ or 
simply A, and is given by: 

A| = VA.? + A,* +A:* 

A unit vector in a given direction is a 
vector in that direction divided by its 
magnitude. A unit vector in the r direc- 
tion is r/ Vx? + y? + 2? and a unit 
vector in the direction of the vector 
A is A/ VA." + A,*? +A: = B/ |B). 

Vector Fields. A vector field is a re- 
gion of space in which a vector quantity 
is defined at every point. The magnitude 
and direction of the vector quantity 
changes in general throughout the re- 
gion. Its value must be determined from 
the coordinate value of the point in 
question. 





x 


Fig. 11_—Component vectors x, y and z 
of three-dimensional vector r. Unit vec- 
tors of a cartesian coordinate system are 
shown as @r, ay and az. 
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at the center o1 a spherical coordinate system, unit 
vector a, is a radial unit vector, a,, and R is r. The 
inverse square law is obvious here because the field 
has a single radial component. 

The rate of decrease of potential in a given direction 
is a measure of the field intensity in that direction. 
The vector E in Eq (6) is the direction of potential V 
decreasing. This can be expressed in spherical co- 
ordinates as 
E, = —dV/dr, Eg = (—dV/d0)/r, Eg = —(dV/d¢)/r sin @ (7) 
where r is the radius vector, 6 is the angle between the 
point of measurement and the z plane, and ¢ is the 
angle between the point of measurement on the x plane 
and the projection of r to the xy plane. In cylindrical 
coordinates: 

BE, = -—1V/d-, Ey = —(dV/d9)/r, E, = —dV/d, (8 
where ¢ is the angle between r normal to the point of? 


measurement and the x and y planes. 
In orthogonal coordinates, 
z= —dV/dz, y = —dV/dy, z = —dV/dz (9) 
If the potentials at two points, Pl and P2, in the 
system are V and dV and if a line from P1 to P2 makes 
an angle 6 with E as shown in Fig. | (next page), 
E cos @ = —dV/dL (10) 
where L is a measure of distance. This can be written 
in the form 


Vai, p2 = - fe * dL dl) 


where the integrand is a scalar product of the vectors 
E and dL. Whatever the path of integration in the field, 
V1, ps is, unique; that is, the potential at a point within 
the field is a unique function of its position. Although 
we started to describe an electric field in terms of an 





Vector Multiplication. There are two 
types of vector multiplication. Given 
two vectors, A and B, the dot product 
or scalar product is the product of the 
magnitude of A, the magnitude of B, and 
the cosine of the smaller angle between 
them: A * B = |A| |B cos @un. A dot 
appears between the two vectors. The 
dot or scalar product is a scalar; it obeys 
the commutative law: A+ B = B« A. 
The expression A * B is read “A dot B.” 

A vector dotted with itself gives the 
magnitude squared: A + A = A? or |A/J?. 

The dot product may be used to find 
the vector component of a vector in a 
given direction. If a represents a unit 
vector in any direction, then the 
component of A in the direction of the 
unit vector a is A * a = A) jal COS B40 
= |A! cos @4a Thus A °* a, is the com- 
ponent of vector A in the direction of 
az and A * a; = Az. The problem of 
finding the component of a vector in any 
desired direction is one of finding a unit 
vector in that direction. 

The cross product or vector product of 
two vectors is written with a cross be- 
tween the two vectors: A x B. It is read 
as “A cross B.” The cross product 
A x B is a vector and the magnitude of 
A X B is equal to the product of the 
magnitudes of A, B, and the sine of the 
smaller angle between A and B. The 
direction of A < B is perpendicular to 
the plane containing A and B and is 
directed along that one of two possible 


Z 


x 
Fig. I111—Cylindrical coordinate system. 


The three planes are mutually perpen- 
dicular. 
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perpendiculars which is in the direction 
of advance of a right-handed screw as A 
is turned into B. Ax B=|A| |B) sin 
#4» ay; the subscript N stands for “nor- 
mal”. If the order of the vectors is re- 
versed, a unit vector in the opposite 
direction is created. The cross product is 
not commutative: Bx A ——(A x B). 

If the cross product is applied to unit 
vectors a, and a,, the result is a:; because 
each vector has unit magnitude, the two 
vectors are perpendicular, and hence the 
rotation of a, into a, must indicate the 
z direction in a right-handed coordinate 
system. 

Other Coordinate Systems. The cylin- 
drical coordinate system is a_ three- 
dimensional version of the polar coor- 
dinates of analytic geometry. The surfaces 
are a cylinder (r=constant), a plane 
(? = constant), and another plane (z= 
constant). (See Fig. III.) 

We define three unit vectors in cylin- 
drical coordinates as a,, av, and a-. Unit 
vector a, at any point is directed radially 
outward and normal to the surface of 
the cylinder. It lies in the planes ¢ = ¢$, 
and z = z;. Unit vector age, is normal to 
the plane ¢ = 9%}, points in the direction 
of increasing ¢%, lies in the plane z = 21, 
and is tangent to the cylindrical surface 
r = ry. Unit vector a. is the same as unit 
vector a: of a cartesian coordinate sys- 
tem. Two of these unit vectors change in 
direction but not in magnitude as we 
construct them at various points. The 
unit vectors are mutually perpendicular. 
A right-handed cylindrical coordinate 
system is one in which a, & ae = a. 

A differential volume in cylindrical 
coordinates is obtained by increasing r, 
@, and z by differential increments dr, 
d¢?, and dz. 

A spherical coordinate system may be 
built on the three cartesian axes. (See 
Fig. IV.) The distance from the origin 
to any point is r. In spherical coordinates 
the surface described by r constant is 
a sphere. The second coordinate is an 
angle @ between the z axis and a line 
drawn from the origin to the point in 
question. The surface described by 
6 = constant is a cone; the two surfaces 
—cone and sphere—are everywhere per- 
pendicular. A circle of radius r sin @ 
locates the intersection of the cone and 
sphere. The third coordinate ¢ is also 





an angle and is exactly the same as the 
angle ¢ of cylindrical coordinates. The 
surface described by ¢—=constant is a 
plane passing through the ¢=0 line 
(or the z axis). 

Any point in spherical coordinates is 
the intersection of three mutually per- 
pendicular surfaces: a sphere, a cone 
and a plane, each oriented as shown in 
Fig. IV. 

Three unit vectors may be defined at 
any point. Each unit vector is perpen- 
dicular to one of the three perpendicular 
surfaces and is oriented in that direction 
in which the coordinate increases. The 
unit vector a, is directed radially out- 
ward, normal to the sphere (r = con- 
stant) and lies in the cone (@ constant) 
and the plane (¢ = constant). Unit vector 
ay is normal to the conical surface, lies 
in the plane and is tangent to the sphere. 
Also, it is directed along a line of what 
might be called “latitude” and it points 
“south.” Unit vector ae is the same as 
in cylindrical coordinates. It is normal 
to the plane and tangent to both the 
cone and the sphere. It is directed to the 
“east.” 

A differential volume element may be 
constructed in spherical coordinates by 
increasing r, 9 and ¢ by dr, d@, and d¢. 
The surfaces have areas of rdr dé, r sin 4 
dr d?, and r? sin 4 dé d¢%. The volume 
is r- sin 4 dr dé d¢. 





Fig. 1V—Spherical coordinate system. 
Surfaces are mutually perpendicular; r 
is a constant (sphere), @ is a constant 
(plane), and @ is a constant (cone). A 
point in spherical coordinates is an inter- 
section of the three surfaces, such as P. 
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Pp 


' Pp. 


Fig. 1—Field intensity in a given direction is the rate of decrease 
of potential in that direction. If the potential at Pl and P2 is 
V and dV respectively, E cos @ dV/dL, where L is a 
measure of distance. 


intensity vector, the integration above provides a means 
of replacing the intensity vector by a scalar potential 
field. 

The differentiation set out in Eqs (7, 8, and 9) can 
be combined in a vector equation 

E grad V (12) 
where the vector operation grad simply expresses the 
above differentiation. 

It should be noted that surfaces of constant V are 
spherical. They are called equipotential surfaces and 
they are obviously normal to the field vector or “lines 
of force.” In general, if dL lies in an equipotential 
surface then, whatever the path, 


E* dL =0 (13) 


and the scalar product of E and dL are zero every- 
where on that surface and E and dL are mutually per- 
pendicular vectors. 

The work done by an external source to move our 
test charge is 

dW (joules) OE * db (14) 

It must be equal and opposite to the force due to the 
field, since the expenditure of energy is the product of 
force and distance. The work required to move the 
charge a finite distance must be determined by an in- 
tegration process. In our example above 


a ’ 2p 
" 0 | E+ db (15) 
J! 


The path must be specified before the integral can be 
evaluated. This is a definite integral, basic to any work 
in field theory. It is a line integral and takes the form 
in vector notation of the integral along a prescribed 
path of the dot product of a vector field and a vector 
path length which is the differential dL. It is better to 
look at than to work out. However, we can take a 
large but finite number of segments of the path and 
multiply components of the field along each segment 
by the length of the segment and then add the result 
for all segments. The resulting summation approaches 
the integral as the number of segments approaches in- 
finity. 

An example of this procedure for a uniform field is 
of interest. (See Fig. 2.) 

The path from P1 to P2 is divided into n segments, 


AL, .. .AL. ... AL,. Components of E on each seg- 
ment are E,,, Exo, ... Ex». Assuming a uniform field, 
E, = E. = E,. To move charge Q from P1 to P2 re- 


quires this much work: 
Ww -Q(E AL, T EAL, + . 
In vector notation this would be: 


E1,ALy) (16) 
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Fig. 2— Graphical analysis of a 
line integral (in a uniform field). 








—s - 
W —Q(E, ° AL, + E.* AL: +...E, ° AL,) (17) 
Because the field is uniform: 
vv —QE (AL; + AL, + .. . AL,) (18) 


Since vectors add by the parallelogram law, the sum 
of the vectors in Fig. 1 is simply the vector from P1 to 
P2, Lp, p2, and the expression for the work involved 
in moving charge Q is: 

W =— OE * Lp, P2 


The work is dependent entirely upon the values of Q, 
E and the vector Lp,, p.; the path over which the 
charge is moved is of no consequence as long as the 
field is uniform. The same answer would be obtained if 
P1, P2 were a straight line or Route 128. 

The work done by an external force in moving a unit 
positive charge from one point to another in an electric 
field may also be defined as potential difference. The 
potential differences in volts (joules per coulomb) be- 
tween points Pl and P2 is 


*PI 
Vri. p2 (volts) / E°* dL (19) 
JP? 


The potential difference is positive if the work is ex- 
pended in moving a positive charge from P2 to P1. 

Absolute potential is the potential difference with 
respect to some reference, usually the potential of the 
surface of the earth, or “ground”. Concrete and abrupt 
examples of potential difference and absolute potential 
can be found in routine laboratory work where black 
boxes and test equipment are not adequately or prop- 
erly “grounded”. 


Potential Field 


In considering the potential field of a single point 
charge, we have to establish a position at infinity as 
our zero reference. We can do the same trick in con- 
sidering a system of charges and their separate and 
combined effects. 

Without consideration of any particular coordinate 
system, we designate the distance from charges to a 
point of measurement by R,, R2, etc. Thus, the poten- 
tial due to a single charge is 
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‘ Qi ‘ 
ne 4reR, om 


We can find the potential by evaluating the line in- 
tegral which has as its starting point our zero reference 


of infinity: 
op 
V= -f E, ° dL (21) 


Because tne total field intensity is the sum of each 
charge and since the dot product follows the associ- 
ative law, we write: 


P 
V= -f (E, ° dL + E, * dL +E, ° dL) (22 


Fortunately, the integral of a sum is the sum of the 


integrals: 
.p - 
V = -f E, * dL -f E, ° dL (23) 


ie ae 
~ AweR, , tre R,  AreR, 


n 


- >. Om 
- de 17reR,, 


m=l 


hence 


(24) 


We can now say that the potential due to n point 
charges is equal to the sum of each of the charges act- 
ing alone. If we represent each point charge as a small 
element of a continuous volume charge distribution, 
pAv, we can write a potential equation as follows: 

V =? An 1 2 A v2 1 Pn A tn 
treR, AreR, AreR, 
For an infinite number of elements there is an integral 
expression in which the volume charge density, p, and 
the differential volume element, dv, may be combined 
to represent a differential amount of charge located at 
some point other than P. Potential V is relative to a 
zero potential at infinity and R is the distance from the 
element of charge to the point, say P, at which the 
potential is to be determined. 


Wr a 
ian p av 9 
, - fares = 


In the event the charge distribution is in the form of 


a line charge, 
V = pi dl = 
treR sg 


If it is a surface charge, the integration must be over 
the surface 

‘ sdS 

4 5 eR (28) 


1. The potential follows an inverse distance law. 

2. The field intensity follows an inverse square law 
(and a vector). 

3. The potential due to a point charge is the work 
done to move a unit test charge from infinity to the 
point at which the potential is determined; it is in- 
dependent of the path over which the test charge is 
moved. 

4. The potential field due to a number of point 


(25) 


To summarize: 
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charges is the sum of the individual potential fields due 
to each charge. 

5. A potential due to a continuous charge distribu- 
tion may be found by moving a unit test charge along 
any path from infinity to the point where the potential 
is desired. 


The potential at point P is: 


" 
Vp = -f E* dL (29) 


A potential difference is: 


PI 
Vei, p2 = -f E°* dL (30) 
P2 


and, regardless of the source of E, is independent of 
the path of the line integral. 

If the test charge is carried around a closed path, 
no work is done. The field is said to be conservative if 
the closed-line integral is zero: 

$iE* db =0 G1) 
The small circle indicates the closed nature of the path 
described. This would be similar to the conservative 
nature of the gravitational field. What we lose when we 
cause something to be raised, we get back when it is 
lowered to its original position. 


Electric Induction 

The inverse square law is more general and more 
powerful when we apply a famous theorem due to Mr. 
Gauss. 

Consider a distribution of point charges, some of 
which are within a closed surface S, as shown in Fig. 3. 
We can construct small solid angles cutting off ele- 
ments on the surface, dS,, dS., dS,, and dS,. If the 
distance from Q, to dS, is r,, the intensity E, at dS, is 

E, = (QO; breor)T (32) 
In the scalar product of E, and d§S,, which has a value 
E, dS, cos 6, 6 is the angle between the vectors E, and 
dS, and the area element is represented vectorially by 
a line of magnitude dS,. We then obtain: 
E, * dS; = (Q:/4rer?)r * dS; 

= (O; ‘Arreo) dan 


where dw is the solid angle subtended by dS, at Q,. 
If we now integrate over S, we obtain: 


for: . dS, = (, tr) f de: , (34) 


The vector «,E, derived from the field vector and the 
constant is called the electric induction or electric flux 
density and is denoted by the letter D. Measurement 
is in coulombs per square meter and is sometimes 
referred to as lines per square meter. The letter D 
was originally chosen because the phenomenon is also 
known by the alternate names of displacement flux 
density or displacement density. 

In free space E and D are always in the same direc- 
tion and are associated with the scalar factor ¢,. This 
is also true for most other media which are electrically 
isotropic; however, for crystalline media (which are 
anisotropic) « is a function of position and is a tensor 
which must be described by nine components as com- 
pared to a vector which is describable by three. In the 
above we assume that free space was isotropic. 


(33) 
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In the example illustrated by Fig. 3, the scalar 
product of D and dS is the flux of electric induction 
through dS. For the charge Q,, D is directed outward 
from § at dS, and dS,; for Q, the flux is inwardly di- 
rected at dS, and outward at dS, and of the same mag- 
nitude at each. For a charge outside S the net flux out- 
ward is zero. For a charge inside S, the net flux out- 
ward is equal to the charge within S. 

We denote flux by y. In our example we can sum 
for all the charges inside S: 


p= >a0) 


— — 


Qi 

Thus we have Gauss’s law: The electric flux passing 
through any closed surface is equal to the total charge 
enclosed. 

If we consider that the total charge enclosed 
within § is distributed with a volume density p, then 
we can write the following instead of %,,: 

f par (36) 
with dv a volume element. 

Further mathematical expression can be given to the 
Gauss law as follows: assume we know the field in- 
tensity E at a point P which is surrounded by an in- 
finitesimally small box having edges dx, dy and dz 
which are parallel to the axes of an orthogonal coordi- 
nate system. (See Fig. 4.) The components of E at 
P are X, Y and Z. The value of X at the face EFGH 
on the box can be determined with the help of Taylor’s 
expansion trick as follows: 


= total charge (35) 


[oeey 278 eX. vs es 
¥ 4 9 dr S + ato dr) at aI ( dr) + (37) 
We can do the same for the face ABCD 
on ee. ee "OX 17 
X - 5 dr < + m1 (3 dr) 37 3! € dr) + (38) 


and the net flux through the surface of the box in the 
X direction is 


" dr dy dz [ + gasp 2 | (39) 
ér 24 ér 


Similar tricks can be performed to obtain the fluxes 
in the remaining two directions. If the volume density 
of the charge at P is p, the charge contained within the 
box is pdx dy dz. If we relate the outward flux to this 
charge we have 

6X 1 5) 1 6Z 35 ii (40) 


ér bv 6z € 
The derivative of the vector E is the scalar quantity 


div E 2 jae. (ee (41) 


ér bv 62 


Fig. 3—Point charges in- 
side (Q\) and outside (Q») 
a closed surface, S. 





Fig. 4—An exemplary box. 
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This is called the divergence of E and is written div E. 
It is a scalar quantity. In Eq (12) we indicated the 
derivation of the scalar V by the vector operation grad. 
Grad may be written as a vector operator as shown 
below, where the sign y_ is read as “del” or “nabla” 
and where i, j and k are unit vectors directed along 
the X, Y and Z axes, respectively: 
° ae 8 “ 
“= ‘Ss tit *z (42) 
The scalar product of the vector operator y and 
the vector E having components X, Y and Z is 
- 8 i ah ae ‘ 
v°E= (io +ig-+ke) GX +j¥+kZ) U3) 
= Eq (41) = div E 
Because i*j = is k = j* k = 0, Eq (40) becomes 
div E = —div (grad V) = p/e (44) 


The operation div(grad) is written y* (nabla 
squared) and gives us 

§ & 3 &° ” 

= + by? 3 (45) 


Hence, we can carry out the differentiation and get 
et 5 y 5h p 
=s ——a5 as 1¢ 
az tay? To € sited 
The primary features of an electrostatic field can 
now be described rather nicely: 


E = — grad | (47) 
D=«eaE (48) 
div D = p (19) 
VV = —p/e (50) 


Equation (50) is known as Poisson’s equation. If 
we consider a case in which there are no charges within 
the volume under investigation » = O and we redis- 
cover Laplace’s equation: 

v= 0 (51) 

We can sum up the whole thing by saying that the 
outward flux of a vector through a closed surface is 
equal to the integral of its divergence taken through- 
out the volume enclosed by the surface. 


Capacitance 
In an isolated conductor of finite size carrying a 
total charge Q, we can write 


O= f odS (52) 


where o is the surface density of the charge at the area 
element dS. If we write o as o f(r) where f(r) is a 
function of position determined by the situation of dS, 
we have for a potential V, o, being constant, 


V,=(% ref 7 dS = (w tre f fe) dS (53) 


If we consider the quantity V at the surface of the con- 
ductor we find that 


Y= trol frmas/ fis /rias | oe 


and the total induction or flux y produced by our 
charged conductor is 


¥=Q=420) [ frmasy f ise rias | (55) 
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The implication here is that the configuration of the 
field produced by a charged conductor is independent 
of the charge magnitude. The magnitude of the field is 
proportional to the charge. The total induction or flux 
is proportional to the potential. The total magnitude 
of electric flux produced by our conductor when V is 
unity is the capacitance of the conductor. This will be 
denoted by C and 
0 
I 
where C is measured in farads. 

A conductor of one farad capacitance raised to a po- 
tential of 1 volt produces a total electric flux of 1 
coulomb. This can be expressed in farads per meter, 
eliminating ¢. 

In a trivial case, a sphere of radius r, the capacitance 


C= (56) 


is 
(57) 
It can be shown by direct integration that the capaci- 
tance associated with a length L of an infinitely long 
cylinder of radius r is 

C = 2276 L/log(L/r) (58) 

Consider two conductors within a homogeneous di- 
electric as shown in Fig. 5. If conductor A carries a 
total positive charge of Q coulombs and conductor B 
carries an equal negative charge, with no other charges 
present, the total charge of the system is zero. 

The charge is carried on the surface of the con- 
ductor as a surface charge density and the field is 
normal to the conductor surface. The electric flux is 
directed from conductor B to conductor A because 
conductor B carries the positive charge and is at the 
more positive potential. If the potential difference be- 
tween A and B is V,, we define the capacitance of 
this conductor system as the ratio of the charge on 
either conductor to the potential difference between 
the two conductors. 


C=4Arer 


0 
Vi 


C= (59) 

It may be seen that capacitance is independent of 
the potential and the total charge because their ratio 
is constant. Gauss’s Law indicates that if the charge 
density is increased by a factor of N, the electric flux 
density or electric field intensity also increases by N 
as does the potential difference. The capacitance is a 
function only of the physical dimensions of the system 
and of the permittivity of the homogeneous dielectric. 

Consider the capacitance situation in a system con- 
sisting of two identical parallel plane conductors sep- 
arated by a distance d. If the linear dimensions are 
much greater than their separation d, the field and the 
charge distribution are then essentially uniform with 
the exception of a small region adjacent to the edges. 
This area contributes only a small percentage of the 
total capacitance. The charge, the potential difference 
between the two plates, and the capacity may then be 
stated as follows: 


Q= 8 (60) 

Vo = ps/ed (61) 
O eS 

Cc =~ =— 2 
Ve d (62) 


Dielectric Materials. All dielectric materials have the 


JULY 1959 


} 
Fig. 5—Two conductors in a homogeneous medium. 


common characteristic of ability to store electrical 
energy. This storage effect is the result of a shift in the 
relative positions of positive and negative charges 
within the dielectric from their normal molecular or 
atomic positions. This is potential energy, exactly 
analogous to an elevated weight or expanded spring. 
The external field is the source of the energy; the mo- 
tion of the charges results in a transient in the power 
source producing the field. The charge displacement 
mechanism varies with different dielectric materials. 
Certain molecules are polar in that they have a per- 
manent displacement existing between an equilibrium 
point, and positive and negative charges. In such ma- 
terial each pair of charges acts as a dipole. The dipoles 
are normally oriented in random fashion throughout 
the material. The external field produces a general 
alignment to some extent in the same direction. Non- 
polar molecules do not exhibit this dipole arrangement 
until after a field is applied. When a field is applied, 
negative and positive charges shift in opposite direc- 
tions against their mutual attraction, producing a di- 
pole which is aligned with the electric field. 

The effect of the dielectric on the capacitance is to 
increase the total flux of induction between two con- 
ductors. The flux D for a field E becomes D = ¢ « E. 
The product « « is the absolute permittivity of the 
medium and the factor « is the ratio of the absolute 
permittivity to that of free space. This is called the 
dielectric constant or simply the permittivity. 

With a pair of parallel-plane conductors in free 
space the scalar value D, equals «, and, when the space 
between them is filled with a dielectric De = «D, = eo,, 
where «, is the charge per unit area of the plates, 

De — Do = on (e — 1) (63) 
The expression D, — D, is in reality the increase of 
induction arising from the electrification of the dielec- 
tric. This is called polarization. It is denoted by P, and 
is measured in coulombs per meter. We may now make 
the statement: 
P =a) (e — 1) (64) 
and 
(65) 

In terms of an electric field we can make the follow- 

ing statement 


P + oo = ove 


P+eoE=eankE (66) 
and 


e=1+P/eoE (67) 
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The mechanism of electrification or polarization is 
one of production and/or orientation of molecular 
dipoles as outlined above. 

In the foregoing it should be borne in mind that E 
remains constant and that the same field exists whether 
the dielectric is present or not. Equation (65) indicates 
that the total flux is the sum of that due to the field in 
free space and that contributed by the dielectric. 

If the conducting plates are charged first and the di- 
electric is then inserted, the field between the plates 
will be reduced by a factor proportional to the di- 
electric constant of the material. This occurs because 
part of the original charge on the plate is annulled or 
cancelled out by that produced on the surface of the 
dielectric. 


Mechanical Factors 

An electric field may be considered as being pro- 
duced by a process of moving a group of charges from 
infinity to a new position in real space. As a result of 
the mutual forces on charges, work must be per- 
formed in the process of establishing any specified 
charge distribution. An electrostatic potential energy 
is therefore implied in any such charge distribution. 
If a dielectric is inserted in a field established by the 
charge distribution, work is also done in establishing 
the polarization. The electrostatic potential energy of 
the system is changed as a result. 

Working with our group of charges in an empty uni- 
verse, no work would be involved in bringing in charge 
Q, because there would be no other field present. How- 
ever, the work required to bring in the other charges 
may be expressed as follows: to position Q, in the field 
of Q, requires an amount of work proportional to the 
charge on Q, and the potential at the desired final loca- 
tion of Q. due to Q,. This potential can be identified as 
V} where the subscript indicates the location and the 
superscript indicates the source. Hence, the work to 
position Q, equals Q.V}. Similarly, the work to posi- 
tion Q, equals O,V} + Q,Vi, etc., the total work 
being determined by adding each contribution. 

The total work to position charges to create the 
total field is the potential energy of the field, which 
may be written: 


W. = 0. V2 +0:;V3+0:;V¥3+Q.Vit+Q.Vi+. ..(68) 


Remembering that subscripts indicate location and 
superscripts indicate source, we can write 


y 0; O; y 
( f 1 ( < . ve : 2 
Vi =, ( a Ra) 0; ( a. ) 0, V} (69) 


We can therefore represent each term by its equal and 
get 


W. = @: V3 + Q Vi + Q: V3 +0: Vi + Q.V$+... (70) 


Also, due to the fact that each sum of potentials in 
parentheses is the combined potential resulting from all 
charges except that at the point in question, 
OW. =0(V24+V24+Vi4...) 

+Q0:(V3+V3+V3+...) 

POC + Vit ¥i+...34+4... 
We could also say 

Yi=Vitvict Vi 
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Fig. 6—Absolute electrometer. 


Therefore: 
W. = 4(Q, Vi + Q: V2 + Q3 Va 4+ 


vo 
15 Vn Ve 
6) @ 


m= 
A practical expression is one for a region in which 
we have a continuous charge distribution. We can re- 
place each individual charge by pdv, our summation 
becoming an integral: 
W, (joules) = vf pVdr (73) 


In terms of the electric field intensity 


W. 16 D+ Ede A (71) 

And the energy stored in a capacitor is 
We = 14 Q Vavsoture (75) 
For lack of evidence to the contrary we may assume 
that the energy is stored in the field itself. If we write 

Eq (74) on a differential basis, we get 
dW, =14D° Edv (76) 

and also 


iW. 4%D-E (77) 

dv 
The quantity on the right hand side of Eq (77) must 
have the dimensions of energy density (joules per 
cubic meter). 

In a charged parallel-plate capacitor there is a force 
of attraction tending to pull the plates together. If the 
space between the plates has a permittivity « and the 
charge produces a field intensity E, we can calculate 
the work required to separate the plates an additional 
amount, di. 


dW, = (4 E * D) Adl (78) 
=fedl 


It is obvious that the force acting over the area A 
is normal to the plates in the direction fE. The magni- 
tude of the force is Y2 (E* D) A. Because force per 
unit area is pressure, 


P (newtons per square meter) f = KE*D (79) 


The pressure is in a direction to attract the two 
plates and exert pressure on the dielectric as follows: 


60) 


Field Effects in Devices 

Advantage may be taken of mechanical forces in 
electric fields to measure absolute potential. An ab- 
solute electrometer is shown schematically in Fig. 6. 
The entire system is electrostatically shielded so that 
stray fields do not affect the readings. In operation, 
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two plates PJ and P2 form a parallel plate capacitor, 
plate PJ being suspended from a beam of a precision 
balance used to measure the force on P]. A guard ring 
G surrounds P/ and is maintained at the same poten- 
tial as PJ to reduce distortion of the field between P/ 
and P2. The distance between P/ and P2 can be ac- 
curately measured. With a potential difference applied 
to P/ and P2, an imbalance occurs which is a meas- 
ure of the force tending to draw the charged plates 
together. The force is balanced by adding weight W 
to the balance pan. The force is 


f=PA 

= %eK*A (81) 
y2 
a he 
2° RR ‘ 
The applied potential is 
2 

V (volts) = d4/2 82 
(volts) = dq] (82) 


The measurement is absolute because the factors on the 
right hand side of Eq (82) are measured directly. 

Piezoelectric effects provide many useful devices. 
An electric field polarizes any material by inducing 
dipole moments. Such displacement of charges from 
their equilibrium positions will change the mechanical 
dimensions of a solid and cause electrostriction. There 
is no inverse of this action in most materials; i.e., if 
mechanical stress is externally applied to a neutral 
material, dipole moments will not be created and no 
potential will develop. The piezoelectric effect will 
occur, however, in certain asymmetrical crystals (those 
in which permanent dipole moments are anchored 
molecularly without a center of symmetry) and me- 
chanical distortion will create a voltage. Conversely, 
a voltage applied will create a mechanical distortion 
of the crystal mass. The one-to-one correspondence of 
direct and inverse effect causes electromechanical 
resonance. This is useful in many ways, the most im- 
portant of which is frequency control. The resonant 
frequency depends upon the mechanical dimensions 
and the orientation of the crystal faces. The most com- 
mon other application for such materials is in audio 
transducers such as microphones, phonograph pickups, 
phonograph recording heads, and in ultrasonic trans- 
ducers. 

Another type of transducer is realized by using the 
direct change in capacitance of a system produced by 
sound field pressure. The “condenser microphone” is 
operated with a constant potential across a capacitor. 
The charge developed is proportional to the displace- 
ment of the face. The opposite effect is used for a 
sound-generating transducer, the electrostatic loud- 
speaker. 

Electron Devices. In a thermionic tube the control 
of thermally produced electrons begins with the appli- 
cation of an electric field produced by establishing 
a potential difference V between the emitter (cathode ) 
and some other electrode (anode). If the mass of the 
electron is m, the charge is e, and the electron moves 
in the x direction, 


dv 


mz = —e (83) 
dr 


where x = d?x/dt? and the velocity with which the 
electron reaches the anode is 
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Fig. 7—Equipotential surfaces (broken lines) and electron 
trajectories (solid lines). 


J ino? =eV (84) 

The energy here can be measured as eV, electron 
volts. In reality, e = 1.6 « 10° coulomb and 1 eV = 
1.6 & 10°° joules. Since m = 9.1 & 10°! kg, if V in 
Eq (84) is 300,000 volts, for example, v = 3 x 10° 
meters per sec. This is approximately the velocity of 
light. Energies and velocities of this order are pro- 
duced in modern particle accelerators. 

C-R Tube. The cathode and anode system described 
above constitute a simple electron gun. Although a 
stream of electrons so produced will move from cathode 
to anode, they will be subject to mutual electrostatic 
forces of repulsion. Any such beam will spread out. 
To make the beam useful it can be focused or con- 
centrated into a narrow pencil by introducing a trans- 
verse or radial component of force. This can be done 
with an electric field and it constitutes the basis of a 
rather new technology—electron optics. 

If we consider an electrostatic field in which the 
equipotential surfaces are parallel planes, the electron 
path in the field would be a line normal to the planes. 
If the equipotential planes were modified to provide 
equipotential surfaces bulging toward the approaching 
electrons, the stream would converge toward the axis 
of the system as shown in Fig. 7. In a practical elec- 
tron gun this effect is produced by inserting an aperture 
lens between the cathode and the anode. It consists of 
a pierced metal diaphragm. 

The aperture lens is one of very few electrostatic 
systems capable of being analyzed in simple terms. If 
we consider a diaphragm having a circular aperture 
and lying in the YZ plane of an orthogonal coordinate 
system with the aperture centered on the origin, the 
system has axial symmetry and the potential can be 
given by the Laplace equation in cylindrical coordi- 
nates: 

wv = ~ f t ° (- ~) (85) 
(See Fig. 8.) It is assumed that there is no variation 
of V with azimuth. If the axial and radial fields are 
E, and E,, Laplace’s equation takes the form 


bE, , 1 3 pbs a 
ge ta ye Be) = 0 (86) 
This can be integrated to give: 


Rite whee (87) 
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Fig. 8—Electron-gun 
focusing aperture. 


If the radial component of acceleration is r, 


mr = —ekE, (88) 
Ll #6&, 


= —er 
2 ér 


This can be integrated from x, to x, (through the 
aperture—see Fig. 8) and we get an answer wherein 
E, and E, are the fields on the remote and the near 
sides of the diaphragm. 


v2 


mrdr = (89) 


= ; er (Ek, — E,) 


If x is the axial component of velocity and V, is the 
diaphragm potential relative to the cathode, % mi* = 
eV, (assuming the velocity is less than the speed of 
light). In addition, 


l (2 ri Ss 
r\f r 2mz* 


_E:-E, 
iV, 


Ek. — E)) 
(90) 


where r = dr/dt. 

In Fig. 8, if an electron starts from a point A on the 
axis, rx/r, is numerically equal to x., the distance to B 
from the aperture. It may be seen that 7, and 7, are 
oppositely directed; we can therefore use the form 

7 E, -- E, (91) 


a Rs 1 Vi 
The aperture has a focal length equal to 4 V,/ 
(E, E,) and is analogous to the formula for a thin 
optical lens. The focal length is infinite when E, — F.. 
In practical form an aperture lens of this nature is 








Fig. 9—Triode electron tube and 
equivalent delta of capacitances. 


arranged as a group of short coaxial and partly over- 
lapping cylinders. 

In a cathode-ray tube, the focused beam must be 
deflected to produce useful intelligence on the fluores- 
cent screen. If an electron is travelling with velocity 
x at right angles to a field produced by a pair of 
parallel plates maintained at a suitable potential differ- 
ence, the field in the central region will be essentially 
uniform. The electron will assume an acceleration in 
the direction of the field of ) — Ee/m. If the field E is 
produced by two parallel plates of length / and separa- 
tion d at an equipotential V’, then K, (a function de- 
scribing the field distribution) is approximately equal 
to V’IL/d where L is the distance from the electron’s 
point of entry in the field and the point where it is 
observed (the fluorescent screen) and 


y = V’IlLe/dmz’? 
=V'IL/2d\ (92) 


where V is the accelerating voltage (eV ¥2 mx’). 
Charge Effects in Electron Tubes. In the simplest 
form of thermionic tube, the diode, we can consider 
that the electron emitter (cathode) is a plane equipo- 
tential at which both the potential and field are zero. 
If the anode is also a plane and is parallel to the 
cathode, the potential V within the inter-electrode 
space is 
v?h p/e 

= 1/vEo (93) 

= (1/€) V m/2e} 
where p is the space-charge density due to the electron 
cloud between the electrodes, and i is the current 
density. For plane electrodes at a distance d, this can 
be integrated to give 


leo | 2e 
l 


9 Nm a? Oe 

This is the saturation current as a function of poten- 
tial when the current is limited by the space charge. 
If the potential is increased sufficiently, the current 
limit is determined by the maximum electron emission 
capability of the cathode. The tube is then said to be 
temperature limited. 

In the triode, we can control the current between 
cathode and anode by controlling the potential on a 
third electrode (the grid). The system now appears as 
a delta of capacitances as shown in Fig. 9. 

If we take the cathode potential V.. to be zero, the 
charge on the cathode is related to electrode potentials 
and interelectrode capacitances as follows: 
0.= —C., (V, + Vp/u) (95) 
= — C.p(Vp + uw Vi) 
where » is the ratio C,4/C,,». 

In general, the anode current I, is 

I, =f (Vp +n Vi) (96) 
The function f is dependent upon several factors such 
as electrode spacing and configuration. We won't go 
into that. Suffice it to say that if V, and V, vary by 
small amounts, then /, will change by a small amount. 
Confining ourselves to the linear variation, 
éf l = 
8V, RK, side 
which is the plate conductance, since the quantity R, 
is the dynamic resistance or plate resistance. Another 
definition is 


; \ ; gm (98) 
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which is the mutual conductance or transconductance. 
The ratio » is the amplification factor. 
Several other relationships are important: 
of wah 
5V, 8V> ata 


gm =- E 


R, 
Further, it can be shown that the tube appears to have 
an input capacitance C;, given by 

Cin = Coe + Cop (1 + wS/Ryp) (101) 
where S§ is the resistance of R, in parallel with a 
resistive load. It can be said that the grid-plate 
capacitance is reflected approximately »-fold into the 
input circuit. This is called the Miller effect and limits 
the performance of a given tube design at high fre- 
quencies. 

The tetrode is designed to reduce this effect by 
adding a fourth electrode between the first grid and 
the plate. This electrode is maintained at a high poten- 
tial statically, but “grounded” at the signal frequency 
by means of an external “by-pass” capacitor. The 
electrode is called a screen grid and it reduces the 
Miller effect by lowering the effective C,, and C,,. 
However, it enhances the difficulty associated with 
secondary emission from the plate. When voltage fluctu- 
ations carry the plate potential below that of the screen 
grid, electrons driven off the plate by heat (etc.) fall 
into the screen grid. As a result, the /,/V, curve can 
exhibit a negative slope. The linear operating range of 
the tube must then be restricted to avoid instability. 

To avoid this difficulty, a fifth electrode can be 
added between the screen grid and the plate to form 
a pentode. It is maintained at a potential considerably 
lower than that of the plate and may in fact be con- 
nected directly to the cathode. The retarding field thus 
provided close to the plate suppresses the effect of 
secondary emission. The high » and low input capaci- 
tance of the tetrode are preserved. 

In a beam tetrode the electron stream from the 
cathode is focused into a beam by means of precisely 
shaped and aligned grids. The beam creates a space 
charge near the anode and provides the retarding field 
required to defeat the secondary-emission phenomenon. 

Semiconductors. In any material the behavior of the 
electrons surrounding the positive atomic nucleus can 
be described in terms of the relative energy possessed 
by a given electron with respect to some arbitrary zero 
reference level. The zero reference can be the energy 
of an electron in the orbital shell nearest the nucleus. 
Because electrons are bound to the nucleus by the 
tremendous electrostatic forces resulting from the two 
charges of opposite sign, energy must be imparted to 
an electron to get it away from the nucleus. 

It is in the nature of things that energy can be 
imparted to electrons only in discrete amounts called 
quanta; the discrete energy differences correspond to 
the energy differences of electrons occupying shells of 
larger radius. 

A stable atom has an electron occupying each of 
the lower energy shells, starting at the one nearest 
the nucleus and continuing outward until the number 
of electrons normally associated with that atom is 
exhausted. In a solid crystalline material such as a 
metal, the atoms are numerous and packed close 


(100) 
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together. Many electrons are present and many per- 
missible energy levels exist because of interaction 
between neighboring atoms. The energies are grouped 
into ranges or bands, each of which consists of numer- 
ous closely spaced discrete levels. If an electron with 
the greatest energy lies within such a band and not at 
the top or upper limit of it, additional energy may be 
imparted to it by an electric field; it will move and 
produce current flow. Such a solid material is a metallic 
conductor. 

If the electron with the greatest energy occupies the 
upper limit in a band, no additional energy can be 
imparted to it. The material is an insulator. 

There is an intermediate condition wherein a rela- 
tively small “forbidden gap” separates two bands. 
Small amounts of thermal excitation can increase the 
energy of electrons near the top of a filled band and 
provide a source of conduction electrons. Materials of 
this nature are essentially insulators but have some 
of the properties of metals. They are called semi- 
conductors. In a metal, current is the result of electron 
migration. In a semiconductor, current may flow as 
a result of electron (negative charge carrier) or hole 
(positive charge carrier) migration. A semiconductor 
material is called p-type if the majority of the mobile 
charge carriers are holes, and n-type if the conduction 
current is largely due to electron migration. 

In a p-n junction the p region contains many holes 
but few electrons; the n region contains many electrons 
but few holes. The junction itself is not a sharp line but 
a transition region. Both types of carriers are moving 
around in random fashion as a result of thermal agita- 
tion. The resulting diffusion of electrons into the p 
region and of holes into the n region creates a positive 
charge on the n side of the junction and a negative 
charge on the p side because, when a hole drifts into 
the n region, it brings its positive charge along. In 
addition, it leaves a negatively-charged (acceptor ) 
center in the crystal site from which it came. The oppo- 
site effect is created by electron diffusion, with posi- 
tively charged (donor) centers remaining in the n 
region from which the electron came. This results in 
a built-in electric field across the junction. 

A field so built up will tend to drive the electrons 
back into the n region and the holes back into the p 
region. An equilibrium condition exists when the field 
is sufficiently large to drive the charges at the same 
rate as they drift or diffuse across the junction. The 
region over which the electrostatic potential is built up 
is called the transition region of the junction. Typical 
built-in potentials range from 0.3 to 0.6 volt for 
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Fig. 10—Hole and electron flow in a p-n junction with external 
potential applied. 
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Fig. 11—Potential variation through a_ transistor. Unbiased 
transistor characteristic is shown at (a); (b) indicates potential 
variation with biasing voltages applied as shown. The effective 
hase width increases with an increase in collector reverse bias. 


germanium and 0.5 to 0.8 volt for silicon. 

If we apply an external potential to the junction as 
shown in Fig. 10, holes and electrons will rush across 
the junction and a current will flow in a load connected 
in series with the applied voltage. If the polarity of 
the potential is reversed, very little current passes 
because the holes will be driven to the left and the 
electrons will be driven to the right; very few will cross 
the junction. This is the basis of the rectifying action 
of such a junction, which exhibits high forward current 
and low reverse current. The electrostatic fields in such 
a junction are very large. A few tenths of a volt poten- 
tial drop occur across a region only about 10* cm 
thick. 

Relatively low applied voltage in the reverse direc- 
tion can create electrostatic fields sufficiently high to 
cause breakdown. Breakdown occurs when electron 
and hole velocities become great enough due to the 
field forces to cause the creation of more electron-hole 
pairs as a result of interchange of energies with the 
nuclei of the crystal. The generation rate of electron- 
hole pairs increases in avalanche fashion and the 
reverse current is also increased enormously. The 
critical voltage necessary for this to happen is called 
the avalanche or breakdown voltage. It is dependent 
upon the resistivities or impurity concentrations of the 
n and p regions as well as upon the temperature. 

As stated above, a reverse bias causes majority 
charge carriers to move away from the transition region. 
This leaves a space-charge layer at the junction whose 
thickness increases with the applied reverse voltage. 
A capacitance is thus formed where the electric lines 
of flux start on the positive donor ions and terminate 
on the negative acceptor ions. This is the principle of 
operation of the silicon voltage-variable capacitor. 


The potential through an unbiased p-n-p transistor 
is as shown in Fig. 1la. In the absence of applied 
voltages the potential barriers at the junctions adjust 
themselves to a few tenths of a volt and no net current 
flows across either junction. When external potentials 
are applied, as shown in Fig. 11b, they appear essen- 
tially across the junctions and the forward biasing of 
the emitter-base junction lowers the emitter-base poten- 
tial barrier and reverse biasing of the collector-base 
junction increases the collector-base potential by an 
amount equal to the applied bias. Reducing the emitter- 
base barrier permits the emitter current to increase and 
holes are injected into the base region. The potential 
is essentially constant across the base region and holes 
diffuse into the base-collector junction, where they 
fall down the potential barrier and are collected by the 
collector. High-frequency response is inhibited by the 
collector capacitance. 

The detrimental effect of collector capacitance has 
been reduced in several ways. The Bell Telephone 
Laboratories’ junction tetrode uses a fourth electrode 
and additional bias to “shut down” part of the effective 
junction area. In the p-n-i-p triode, an intrinsic i layer 
is associated with the collector. This layer reduces the 
collector capacitance and increases the collector break- 
down voltage. There are a variety of 
semiconductor devices of the “field 
effect” type. 

The double-based diode or uni- 
junction transistor has one p-n 
junction, as shown in Fig. 12. Its 
operation is extremely complex. 
Mechanisms include carrier injec- 
tion and collection at the junction 
and field effects in the interbase 
region. The field-effect transistor is 
similar except that in this device the 
junction is always reverse biased to 
produce an effective reduction of 
the cross section of the semiconduc- 
tor slab. oOo°o 


Fig. 12 
Double-base 
diode. 
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Fig. 1—Numerically controlled precision 
jig borer. Rectangular work table can be 
positioned in two directions and also has 
a rotary table mounted in the center. 


A display panel to provide visual indica- 
tion of the machine position and telephone 
dials to permit making changes in posi- 
tional information manually have been 
added to the numerical control system for 
the Pratt & Whitney precision jig borer 
to enhance its usefulness. Switch has also 
been made to 1-in. tape to agree with pro- 


posed industry standards. 


ADVANCES IN THE DESIGN of numerical controls for pre- 
cision machine tools have now reached a point of some 
stability in which design effort can be devoted to im- 
provements and refinements. An example of this is con- 
tained in the new Pratt & Whitney No. 4EA Precision 
Jig Borer. Fig. 1. Essentially, the control system for this 
machine is the same as that previously described in these 
pages*; however. some changes and additions to the 
design have been made to improve its usefulness and 


* “Digital Positioning Control,’”’ E E. 


Kirkham, Eecrrica MANUFACTURING, 
March 1957, p 119 
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Design Changes 
Refine 

Jig Borer 
Control 


to make it conform with certain conventions that have 
developed in the field. 

The system provides fully automatic, three-directional 
positioning, with a two-axis rectangular work table and 
a built-in circular table which can be rotated through 
360 deg. The rectangular table can be positioned within 
0.0001 in. in either the X or Y direction and the rotary 
table can be positioned within 0.0001 deg. A block dia- 
gram of the positioning system for the jig borer as 
applied to the X axis is shown in Fig. 2. The informa- 
tion necessary to control the machine is stored on punched 
tape and at the proper time is read off and presented 
to digital-to-analog converters, which change the tape 
data into analogous voltages for controlling the drive 
elements of the system. One analog voltage represents 
the first two digits of the desired position. Acting on this 
voltage, the main motor drives the table to its approxi- 
mate position. Simultaneously, two additional voltage 
analogs, representing the four decimal places, are applied 
to the micrometer control to position the sensing head. 

The feedback control technique used here is the bal- 
ancing of voltages. The table is positioned until the feed- 
back voltages obtained from the potentiometers are 
identical to those of the input analog. 

The actual conversion of the digital information on 
the tape to the analog voltages is accomplished by means 
of a stepping-switch array which connects the proper 
taps of an autotransformer to a discriminator circuit 
as shown schematically in Fig. 3. In the discriminator 
the analog voltage is compared to the voltage fed back 
from the potentiometer on the machine and the resulting 
output is used to operate the motors which position the 
table. The discriminators are bi-directional in that they 
are phase sensitive and thereby discern errors in direc- 
tion as well as magnitude. 

One-inch Tape. A significant change in the newly 
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Block diagram of numerical positioning system as ap- 


Simplified schematic of digital-to-analog converter and 


is the 


Fig. 5—Tape reader and all control circuits for the system are 
contained in this control cabinet. 


designed system has been the switch from a 12-level, 
37, g-in. originally devised by Pratt & Whitney, 
to an 8-level, l-in. tape proposed as a standard by the 
Electronic Industries Association and the Aircraft In- 
dustries Association. The latter is easily perforated, veri- 
fied and duplicated on a standard tape punch. With the 
while the 
new system may operate with any one of various codes, 
specified when the system is ordered. In particular, it 
can accommodate the 1-2- Flexowriter 
In the circuits to be described here the 
-out-of-5 code is used. The holes which must be punched 
in the 


tape, 


original tape, a l-out-of-10 code was used, 


code and the 
2-out-of-5 code. 
2 

various digits and opera- 
tions for this code are shown Fig. Thus, each line 
of holes punched on the tape represents ore character. 
the 4EA Jig Borer, 26 characters 
required. These constitute one block of information and 
they represent the following information: 


tape to represent the 


To position are 


(a) Three digits identifying the operation by number. 
(b) A sign and 7 decimal digits prescribing the 
angular position of the rotary table. 
A = sign and 6 digits prescribing 
tion of the table. 

(d) A sign and 6 digits prescribing 
tion of the table. 

An indication of the end of the block. 


the Y 


(c) posi- 


the X posi- 


In the punching of the tape for this control, a combi- 
nation of sequential and address systems is used. That is, 
it is possible for every block of information to contain 

characters to describe the operation. However, if 
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Character 


stepping 
4CR SCR switches 


! 
20CR e2ICR 422CR423CR 


— — >(26 positions) 


interrupter Distributor 


stepping switch 


9CR 


“pone 


Dial 
pulse 


1OCR 





Telephone dials Dial 
shunt 


9CR CRDS 


> aa — _ nieedtinaiiaiiaiiie 
Dial | 
Tape reader storage 


ICR 




















Simplified schematic of portion of the control circuits. 


there is to be no change in a coordinate from the previous 
position, a zero is punched in the tape rather than the 
normal plus or minus sign. This indicates a “ditto” and 
automatically causes a skip of required data storage for 
that coordinate. The obvious advantages of this system 
are that it permits simpler tape processing and also saves 
time during the data reading process. This is particularly 
so since the machine is largely used for either rotary 
or rectilinear coordinate work. The principle exception 
would be in the case of oversized work pieces requiring 
considerable “juggling” around, making it advantageous 
to position all three slides to the proper dimensions. 
The tape reader occupies one drawer in the control 
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cabinet (Fig. 5) which contains all the relay and switch- 
ing circuits necessary for the control of the machine. 
The basic tape-reading circuits are shown near the center 
and bottom of Fig. 6. The switches operated by the 
reading mechanism are double-acting so that there are 
normally open contacts and normally closed contacts 
for each channel. These are designated Ch] through Ch8. 
Holes punched in the first five channels energize one 
or more of relays ICR to 5CR through normally open 
contacts Chl to Ch5. 

The circuits at the top of Fig. 6 are used as a parity 
check of the coding on the tape. The distributor stepping 
switch, CRD, has 26 positions corresponding to the 26 
characters in a block. Part of one deck of the switch 
is shown in Fig. 6. As the tape is read, CRD steps from 
one position to the next. At each of its positions a 
character stepping switch (20CR for example) begins 
to step from 0 through 9 (the 0 is in the normal 10 
position). As shown in the diagram, there are banks 
of contacts of relays ICR through 5CR on either side 
of these switch contacts. When the character stepping 
switch reaches the position at which the contacts that 
are closed on the left side match up with those that 
are closed on the right side, coincidence is obtained and 
relay coil 8CR is energized, indicating that the word 
has been correctly read. When 8CR is energized, a pulse 
is sent to CRD to step to the next character position. 

It will be noticed that a normally closed contact of 
11CR interrupts this circuit when there is an error or no 
punch. 

Input Data Display Panel. A check on the data 
read into the system off the tape is provided by the 
display panel shown in Fig. 7. In it are four rows of 
glow-discharge, numerical indicating tubes which show 
the number of the operation (on the top row) and the 

(Continued on page 178) 


Fig. 7—Display panel contains numerical indicating tubes to 
show information read from tape. 
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Filame-Resistant Glass-Polyester 


A study of glass-polyester materials’ flame resistance and tracking 


resistance in application to switchgear equipment. Results define 


physical and electrical properties of various types of these materials. 


H. R. SHEPPARD 

Materials Engineering Departments 
WestincHouse Evectric CoRPORATION 
East Pittsburgh, Pennsylvania 


FLAME RESISTANT glass-polyester laminates with good 
tracking resistance are being used as dielectrics in the 
design and manufacture of switchgear equipment. The 
National Electrical Manufacturers Association’s develop- 
ment of a specification covering standard glass-polyester 
laminates has been issued under the designation GPO-1. 
This specification has often been modified by manufac- 
turers of equipment to include the additional require- 
ments of flame resistance and tracking resistance. The 
following properties of glass-polyester laminates have 
motivated their use in the fabrication of structural and 
insulating components for switchgear: 

e high impact strength 

e dimensional stability 

e low moisture absorption 


e low cost 
e flame resistance 
e tracking resistance 


Flame Resistance 


Under extremely unusual circumstances organic insu- 
lation in a circuit breaker may be exposed to a power- 
arc and may catch fire. There are no organic insulating 
materials available that will not burn under such condi- 
tions. However, there are flame-resistant glass-polyester 
laminates that are self-extinguishing. 

The development of satisfactory flame-resistant glass- 
polyester laminates has been dependent on the availa- 
bility of polyester resins containing large amounts of 
chemically combined chlorine. Certain fillers, when added 
to the resin, will contribute markedly to the self-extin- 
guishing characteristics of the material. A small amount 
of antimony oxide is usually added to react with chlorine 
in the resin, thereby forming a snufing compound, 
antimony trichloride. 

The evaluation of flame-resistant glass-polyester lami- 
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nates utilizes the new NEMA flame testing method. (1) * 
In this procedure, a 4% x 1% x 5 in. bar is machined free 
of projecting fibers and ridges and is conditioned for 
96 hr at 23 C and 50 per cent RH. The conditioned 
bar is placed in the specimen holder and the electrodes 
are moved into position to allow a gap of %4» in. be- 
tween the specimen and the disk shields (Fig. 1). The 
timing of the test is started when power is applied to 
both the electrodes and the heating coil, which has been 
adjusted to give a coil temperature of 860 C + 5 C. 
The total elapsed time before the specimen ignites is 
taken as the ignition time. Application of power is con- 
tinued for 30 sec after ignition. With power off, timing 
is started for the burning time. This is taken as the 
elapsed time until all flame is extinguished. A series 
of glass-polyester laminates was evaluated by this method 
and the results are shown in Table I. 

Various types of chlorinated and nonchlorinated poly- 
ester resins were evaluated. The particular resin, and 
the type and amount of filler, greatly affected the flame 
resistance. Table I shows that the burning time of non- 
chlorinated glass-polyester laminates is much greater 
than that of chlorinated resins. 


Tracking Resistance 

Some glass-polyester laminates have been developed 
that have good resistance to tracking, in comparison 
with conventional phenolic laminates. These materials 
exhibit the ability to resist tracking under adverse con- 
ditions for relatively long periods of time. A new method 
has been developed to evaluate the ability of a material 
to resist tracking. (2) The purpose of this method is 
to rate the ability of solid electrical insulation to with- 
stand the effects of electric arcs produced by conduc- 
tion through a surface film of a contaminant containing 
moisture. 

By use of this method, specimens of glass-polyester 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Laminates 


laminates are coated with a synthetic dust and then 
placed on an inclined rack in the test chamber. Three 
electrodes are placed 1 in. apart on the dusted surface 
and a fine water spray of “fog” is directed at the test 
specimens. Once the test specimen surface is wetted, a 
60-cycle voltage is applied between the center and side 
electrodes. A nonuniform evaporation of the water in the 
dust layer occurs which results in localized high-resist- 
ance areas. Arcing is present across these areas which 
carbonizes any underlying organic material present. The 
electric field concentrates in the carbonized areas 
until a conducting path is formed between the electrodes. 
With materials that do not tend to carbonize, erosion 
occurs. The rate of erosion is measured. Data obtained 
for several types of glass-polyester compositions using 
this method are shown in Table II. 

From Table II it can be seen that there is no general 
statement that can be made about any type of resin or 
filler as related to tracking resistance. It was found that 
specific types of chemically stable resins were necessary 
to achieve a significant degree of tracking resistance. 
Certain fillers were found to enhance this tracking re- 
sistance. Aluminum oxide was particularly effective when 
used in the correct amount with the proper polyester resin. 


Application in Switchgear 


The composition of glass-polyester laminates can be 
varied over a wide range. For this reason laminates with 
high or moderate mechanical properties can be obtained 
and many other properties can be readily adjusted. In 
Table III, a range is shown for many of the physical 
and electrical properties of glass-mat-polyester laminates. 

Each of several commercial grades of glass-polyester 
laminates was developed to satisfy one or more switch- 
gear requirements, while still providing a product that 
has general applicability in the electrical industry. These 
materials are described in Table IV, together with mini- 
mum average property values that are satisfactory for 
today’s circuit breakers. It should be noted that indi- 
vidual values of certain properties such as burning 
time and tracking resistance may be from 20 to 200 
per cent greater than the minimum values shown. 

The application of glass-polyester laminates in switch- 
gear apparatus can best be described in reference to 
specific breakers. In a magnetic air circuit breaker (3) 
with a rating of 13.8 kv and 1000 mva, a high-strength 
flame-resistant glass-polyester laminate is used for the 
interrupter housing and the combination bushing and 
chute support. A close-up picture of the bushing and 
chute support is shown in Fig. 2. For this application, 
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Fig. 1—Test equipment for evaluation of flame-resistant glass- 
polyester laminates. 


Table 1—Flame Resistance of Glass Polyester 
Laminates 


Lam- Ignition Burning 
inate time, time, 
No. |_ Resin type Filler type sec sec 


| Chlorinated Aluminum oxide 101 146 
| Nonchlorinated | Aluminum oxide 116 419 
Nonchlorinated | Aluminum oxide 100 414 
Chlorinated Calcium sulfate 115 45 


wn 


Nonchlorinated | Calcium carbonate 85 
Chlorinated Aluminum oxide 136 
Chlorinated Calcium carbonate 103 
Chlorinated Aluminum silicate 114 
Chlorinated Calcium carbonate 104 


COnan 


Table Il— Tracking Resistance of Glass-Polyester 
Laminates (Dust and Fog Test) 


Laminate 
No. Resin type 


Time to 
Filler type | failure, hr 
Calcium carbonate 50 
Calcium carbonate 120 
Aluminum oxide 51 
Aluminum oxide 46 


Nonchlorinated 
Nonchlorinated 
Nonchlorinated 
Chlorinated 
Chlorinated 7 
Chlorinated 
Chlorinated 
Chlorinated 


Aluminum oxide 7 
Aluminum oxide 250 
Calcium carbonate 70 
Iceberg clay 0 





Fig. 2—Magnetic air circuit breaker utilizing glass-polyester 
laminate for the interrupter housing and combination bushing 
and chute support. 


a moderate-strength, flame-resistant material is satisfac- 
tory. 

Improved dimensional stability has usually been as- 
sociated with glass-reinforced polyester laminates because 
they contain glass fibers instead of cellulosic reinforce- 
ment. Glass fibers do not change greatly in dimension 
through loss of moisture, and also have low moisture 
absorption. Therefore, laminates reinforced with glass 
fibers tend to be dimensionally stable. 

The glass-polyester laminates provide real possibilities 
for construction economies. The material cost of these 
laminates is attributable principally to the glass fiber 
content and the polyester resin content. The finely divided 
inorganic fillers used in the resins are relatively inex- 
pensive. These constituents can be combined to form 


Table lll— Typical Properties of Glass-Polyester 
Laminates 


Property Range 


8000-20 ,000 
13 ,000-35 ,000 
6000-20 ,000 


Tensile strength, psi, (ASTM D638) 
Flexural strength at 25 C, psi, (D790) 
Flexural strength at 130 C, psi 
Compressive strength, psi, (D695) 20 ,000—50 ,000 
Izod impact, ft-Ib/in. notch, (D256) 7-20 
Rockwell hardness 80-115 


OB wo 


Bond strength, lb, dry (D952) ; 

Water absorption, per cent, 24 hr, (D570) 

Specific gravity (D792) 

Dielectric constant, 60 cycles at 25 C, (D150) 

Electric strength, short time, perpendicular, 
volts/mil, (D149) 

Electric strength, parallel, step by step, kv, 
(D709) 30-70 
Power factor, 25 C, per cent, (D150) 1.40-6 .00 
Power factor, 60 C, per cent, (D150C) 2.40-9.00 
Power factor, 90 C, per cent, (D150) 4.00-10.00 

Arc resistance, sec, (D495) 100-180 

Tracking resistance, dust and fog, hr 0-300 

Flame resistance: 
Ignition time, sec 
Burning time, sec 


800 
0.05 
1.60 
4.90 


1200 
1.50 
2.10 
5.70 


~— 
=Soex 


300-600 


70-150 
10-500 


many types of compositions. Thus, when higher strength 
is required, more glass fiber can be incorporated. If 
lower strength is satisfactory and economy is paramount, 
then the glass fiber content can be minimized and the 
filler content increased. OOO 


Cited References 

1. Method 2023.2 of Federal Specification L-P-406b, as issued on 
September 25, 1952 and modified by the NEMA Switchgear 
Assemblies Technical Committee, Subcommittee VIII on Flam- 
mability Testing, August 26, 1957. 

2.“*Tracking Resistance Test Methods,” Albright and Starr, AIEE 
Technical Paper 56-151. 

3.“A 1000 MVA, 13.8 KV Magnetic ‘De-Ion’ Air Circuit Breaker,” 
R. C. Dickinson, Russel Frink, ATEE Conference Paper 58-294, 
January 1958. 


Table IV — Properties of Commercial Glass-Polyester Laminates 


Property 


Tensile strength, psi, (D638) 
Flexural strength, R. T., psi, (D790) 
Flexural strength at 130 C, psi 
Compressive strength, psi, (D695) 
Izod impact, ft-lb/in. notch, (D256) 


Rockwell hardness, M scale 

Bond strength, cond. A, !b, (D952) 

Bond strength, cond. D, lb 

Water absorption, !4 in. and less, 24 hr, per cent, (D570) 
Water absorption, !% in.- 14 in., 24 hr, per cent, (D570) 
Water absorption, ) in.- 4 in., 24 hr, per cent, (D570) 


Electric strength, perpendicular, less than | in., volts/mil, (D257) 
Electric strength, perpendicular, 14 in.-4 in., volts/mil, (D257) 
Electric strength, perpendicular, 14 in.-%% in., volts/mil, (D257) 
Electric strength, perpendicular, over °4 in., volts/mil, (D257) 
Electric strength parallel, Cond. A, kv 
Power factor, *< in. and less, per cent max, (D150) 
Power factor, more than %¢ in., per cent max, (D150) 
Arc resistance, sec, (D150) 
Tracking resistance, hr 
Flame resistance: Ignition time, sec 

Burning time, sec 
Specific gravity 
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Grade 


Flame resistant, 
moderate strength 


Flame resistant, 
high strength 


General 
purpose 
| 9000 
118,000 
110,000 8000 10,000 8000 
130 ,000 35,000 30,000 30,000 
8 8 8 8 


Tracking 
resistant 
12,000 
22,000 


12,000 
22,000 


9000 
18,000 


100 100 
850 850 850 850 
800 800 800 800 
1 1 1 1 
0.7 0 0.7 0 
0.35 0.35 0.35 0 


100 100 


400 
350 
325 325 325 
300 300 300 

40 40 40 


400 


350 350 


5 5 5 

12 12 12 

110 110 

50 

100 

100 
1.8 


100 
100 
1.8 
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Electrical Spectrum Analysis 


The spectrum of an electrical wave may 
be analyzed mathematically or by instru- 
ments. Described here in detail is the 
theory of operation of a spectrum analyz- 

The use of Fourier analysis in deter- 
mining the components of a wave is also 


presented. 


ROBERT SAUL, Chief Test Engineer 
ELAINE L. LULOFF, Development Engineer 
Pocarap ELectronics CorPorATION 

Long Island City, New York 


Time function Frequency spectrum 


(a) Sinusoid 
(b) Sine wave amplitude -modulated by a second sine wave 


(c) Frequency -modulated wave 


—Ht- 


R-F pulse 


(e) One damped oscillation 


peaes a 


(f) One-half cycle sinusoid pulse 


Fig. 1—Time functions and their frequency spectra. 
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THE SPECTRUM OF AN electrical wave is a plot of the 
amplitude of its components as a function of frequency. 
Since a simple sine wave has a component at only one 
frequency, a plot of its spectrum will have only one line. 
This spectrum will occur at that frequency and have 
an amplitude equal to the amplitude of the wave (Fig. 
la). All other periodic waves have spectra which consist 
of more than one line. A sine wave, amplitude-modulated 
by a second sine wave, has a three-line spectrum (Fig. 
lb). The same wave, if frequency-modulated, would have 
the spectrum illustrated in Fig. lc. 

‘A wave which is not periodic, and which therefore 
does not repeat the same form over an extended time, 
has a continuous spectrum, the spectral plot consisting 
of one unbroken nonvertical line. (See Figs. 1d, le, 1f.) 

Spectrum analysis is the process of dividing a wave 
into its frequency components. Several methods may be 
used to determine the frequencies and amplitudes of 
these components. Fourier analysis is the most common 
purely mathematical technique of spectrum analysis. 
It is useful if the equation of the wave is known as a 
function of time. If, however, it is desired to determine 
the spectrum of a signal without first obtaining its formu- 
la, a spectrum analyzer is used. When a signal is applied 
to its input terminals, this instrument produces a plot of 
amplitude as a function of frequency directly on a cath- 
ode-ray tube. It can be shown that this display corres- 
ponds to the spectrum that would be obtained for the 
signal if purely mathematical means were used. 


Fourier Mathematics in Spectrum Analysis 

As an example of Fourier analysis, the spectrum of a 
symmetrical wave, a rectangular r-f pulse, will be de- 
termined: the wave is drawn in Fig. 2. 

The principles of Fourier analysis state that a sym- 
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Fig. 2—R-F pulse. 
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Fig. 3—Normalized plot of Eq (8). 
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Fig. 4—Normalized plot of Eq (10), the power spectrum of 
an r-f pulse. 


metrical periodic signal, S(t), may be expressed as: 
S(O) = (4)Bo + B, cos wt + Bz cos 2wt + B; cos 3wf+ 
+ B, cos nut (1) 


"+7 12 
B, = z/ S(@) cos nut dt (2) 
so 


and 7 is the period of one pulse. 

Where the period is very great, such as occurs with 
radar, the various pulses are so far apart in time that 
they do not affect each other. Therefore, each pulse may 
be treated separately as a nonperiodic wave. The ex- 
pressions for S(t) and B, in Eqs (1) and (2) must 
then be modified. This modification results in Fourier’s 
integral theorem, which applies to all symmetrical non- 
periodic waves: 


where 


+ 


sO | 4(es) 008 cat deo (3) 
; 

ee i Lf S'( cos wt dl (4) 
. 0 


where S'(t) is the value of the signal for the interval 
it exists, expressed as a function of time, and A(w) is 
the amplitude of the various frequency components as 
a function of frequency. 

The amplitude of any frequency component can be 
found simply by integrating the right side of Eq (4) 
and substituting the value of frequency. Since, in deriv- 
ing Eqs (3) and (4), the wave was assumed to be non- 
periodic, a value of A(w) will exist at every frequency 
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and the spectrum, which is only a plot of A(w) as a 
function of frequency, will be continuous. 

The mathematical expression for the rectangular r-f 
pulse shown in Fig. 2, with pulse width + and existing 
from time —+/2 to + 7/2 is, during this interval, 


S'() = C cos wol (5) 


Substituting this expression in Eq (4), the Fourier 
integral for the rectangular pulse is then given by 


Aw) = 1 fc COS wol Cos wl dl (6) 
"J 0 


Solving this relationship and assuming that the period 
of oscillation, 27/wo, is small compared with the pulse 
width, +, the following expression for A(w) is obtained: 


Ce sin(wo = os 
Aw) = = — : (7) 
“Tw - w)— 


This can also be written 


_Cr sinx(fo —f)r 
Ae oe (fo—S)r 
since w» — 2zf. Figure 3 is a plot of this relationship 
with A(w) normalized with respect to Cr/z. 

The square of the amplitude function yields the power 
spectrum of the pulse: 


A(w) (8) 


zs C2 7? sin? x (Cf f)r 

P(e) = Ay = Et sin’ s¢ 
(w) (w) ioe ah fi? 
It is this function that is viewed on the screen of a 
spectrum analyzer when a rectangular r-f pulse is applied 
to the input terminals. Figure 4 is a plot of the power 
spectrum with P(w) normalized with respect to C*r?/167’. 


(9) 


Spectrum Analyzer 


The spectrum analyzer is an electronic instrument used 
for the analysis of the frequency spectra of various sig- 
nals. Using a cathode-ray tube as a display device, the 
instrument visually presents the power distribution of 
a signal as a function of frequency. Figure 5 presents 
the basic block diagram of a spectrum analyzer. 

The waveform of the output voltage from the sweep 
generator is usually a sawtooth, so that the local oscilla- 
tor is swept between two frequency limits in a linear 
manner. The same sawtooth waveform is applied to the 
horizontal deflection plates of the cathode ray tube, so 
that the movement of the spot across the screen is pro- 
portional to frequency. The local oscillator output is 
fed into the mixer, where it combines with the incoming 
signal, which has already passed through several stages 
of frequency conversion and amplification. The output 
of the mixer will be equal to the frequency differences 
between the components of the converted r-f signal, 
which is now at an i-f level, and the output of the local 
oscillator. That part of the mixer output which, at a 
particular time, falls within the passband of the narrow- 
band i-f amplifier, will be amplified by it. In order to 
make the mixer linear, the local oscillator power supplied 
to the mixer must be much greater than the incoming 
signal power. 

After passing through the intermediate-frequency am- 
plifier, the signal is detected and then amplified by the 
video amplifier to a level suitable for application to the 
vertical deflection plates of the cathode-ray tube. 
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Formation of the Spectrum 


The spectrum analyzer is used predominantly with the 
r-f oscillators of radar sets. The pulses of these oscilla- 
tors are very short, ranging from 0.02 microsec to 
several microsec in length. There is a relatively long 
time-interval between pulses, ranging from 50 to 2500 
microsec. The narrow-band i-f amplifier is narrow com- 
pared to the spectrum width but is sufficiently broad 
that the transient generated by a pulse will decay entirely 
before the next pulse occurs. Therefore, although the 
pulse is repeated, the response of the analyzer to each 
pulse is the same as though it were a single non-repeating 
pulse. 

The r-f pulse is first introduced into a tuning section 
of the spectrum analyzer. Figures 6a and 6b show an r-f 
pulse as a function of both time and frequency, respec- 
tively. The signal is converted to an i-f level in the 
tuning section and is then amplified by a broadband i-f 
amplifier. It is then delivered to the mixer which hetero- 
dynes it with the output of the swept local oscillator. 

The sweep generator produces a sawtooth voltage as 
illustrated in Fig. 6c. This signal is applied to the 
swept local oscillator, which generates a signal which 
varies in frequency with time as shown in Fig. 6d. This 
variation in frequency corresponds to frequency modu- 
lation. 

The signal from the swept local oscillator is hetero- 
dyned with the pulse input in the mixer. At any one time, 
the resulting output of the mixer has a spectrum with 
the same shape as the spectrum of the input pulse, but 
shifted in frequency. Since the frequency of the oscillator 
is being swept, the spectrum of the signal out of the 
mixer will be shifted in frequency linearly with time, 
following the linear output frequency of the oscillator. 
For the example given here, the pulse input to the mixer 
is centered around 160 mc and the input from the swept 
oscillator is centered around 224 mc. Therefore, the 
signal delivered by the mixer will be centered around 
64 mc. The three illustrations of Fig. 6e show the output 
of the mixer at three different times (A, B and C) dur- 
ing the sweep period of the oscillator, relative to the 
passband of the narrow-band amplifier. 

The entire spectrum is applied to the narrow-band i-f 
amplifier. However, only that part of the spectrum which 
falls within the passband of the narrow-band amplifier 
(a band centered around 64 mc) is amplified. 

This corresponds to a different part of the frequency 
spectrum relative to the center line of the spectrum at 
each time. Thus, at times A, B and C shown in Fig. 6e, 
the 64 me narrow-band amplifier amplifies only the 
parts of the spectrum which fall within the passband 
of the amplifier. 

The narrow-band amplifier may be regarded as a 64 
mc “window”. The spectrum out of the mixer is being 
swept past this window. Only that part of the spectrum 
which appears before the window at a given time will 
be passed on. 

The output of the narrow-band i-f amplifier is detected 
before passing to the video amplifier. The video ampli- 
fier provides the proper amount of amplification for 
application of the signal to the vertical deflection plates 
of the cathode-ray tube. 

The same sawtooth waveform, which was delivered to 
the swept local oscillator and produced the frequency 
variation in the oscillator output, is applied to the hori- 
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Fig. 5—Basic block diagram ray tube 


of a spectrum analyzer. 
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Fig. 6—Formation of the spectrum. 


zontal plates of the cathode-ray tube. Therefore, the sig- 
nal on the vertical plates will be swept across the screen. 
A trace which follows the shape of the original input 
pulse spectrum as shown in Fig. 6b will appear on the 
screen. O00 
References in ELECTRICAL MANUFACTURING “Basic Science 
and Engineering” Series 

“Using Fourier Analysis in Designing Whole Systems, Sub- 
systems, Electrical and Mechanical Devices,” February 1959, 
p 87. 
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Dielectric Requirements 
In Microwave Equipment 


Primary requirements for dielectric ma- 
terials in microwave applications {espe- 
cially controlled dielectric constant and 
loss tangent) are discussed. Characteris- 
tics of silicone alloy materials for these 
applications are summarized and design 


case histories given. 


CHARLES L. PETZE, JR. 
Decaware Researcu & DeveLopmMeNT CoRPORATION 
Wilmington, Delaware 


NON-POLAR ORGANIC POLYMERS and their compounds 
(such as polytetrafluoroethylene, polystyrene, and certain 
silicone alloys) are the principal dielectrics used in r-f 
equipments, especially at microwave frequencies. They 
are low-loss materials with dielectric constants independ- 
ent of frequency, or nearly so. Their dielectric charac- 
teristics are also predominantly temperature-insensitive. 
Unless modified, however, they provide only a narrow 
range of dielectric constant (¢’/e,), from approximately 
2.1 to 2.5, which is far from adequate for present require- 
ments. 


Basic Requirements 


It is well known (J, 2, 3)* that the dielectric charac- 
teristics of a material are influenced by three molecular 
considerations: (a) atomic and electronic polarization, 
(b) orientation and inter-facial polarizations, and (c) 
ionic conduction. It has been recognized for some time 
that the geometry of the lattice structure plays an im- 
portant role. More recently, extensive investigations at 
the Antenna Laboratory of California Institute of Tech- 
nology (4, 5) have served to focus greater attention on 
the vital question of isotropy, especially for artificial 
dielectrics. It appears from this work that there are four 
orders of anisotropy, when element dimensions and spac- 
ing are small compared to the wavelength: (a) structural 
or lattice anisotropy, (b) material anisotropy, (c) aniso- 
tropy due to element shape, and (d) anisotropy caused by 
the granularity of the artificial structure, which becomes 
increasingly important at higher frequencies. 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Dielectric characteristics needed in microwave applica- 
tions include several other less sophisticated considera- 
tions. Internal cleanliness of the dielectric materials can- 
not be taken for granted; lack of it will affect (possibly 
disastrously) the loss-tangent value. The moisture con- 
tent can be another serious problem. When bone dry, a 
polystyrene at room temperature may have a loss tangent 
(tan 8) of 0.0002 or slightly less (an attractive value), 
but when exposed for only three days to 90 per cent RH, 
its tan 8 is quadrupled or more. 

In microwave equipments, dielectrics are continuously 
exposed to the elements. They become wet and dirty but 
must maintain their dielectric characteristics for long 
periods. It is not a matter simply of having material that 
will not absorb water. For example, TFE resin (poly- 
tetrafluoroethylene) exhibits zero water absorption and 
has an extremely low loss tangent. But, as one report 
points out (6), even a relatively thin-walled TFE com- 
ponent produced by sintering will pick up moisture at 
high relative humidities, thereby degrading its loss- 
tangent value. 


Mechanisms of Surface Leakage 


The causes of surface leakage. how it develops, and 
methods for preventing its occurrence have been in- 
vestigated and discussed (7 through 15) repeatedly. It is 
generally agreed that leakage occurs through a surface 
film of adsorbed water: it is an electrolytic phenomenon 
the adverse effects of which usually are magnified by 
foreign matter present on or in the insulant. Materials 
impervious to water as well as those which absorb water 
may be degraded; only those materials whose surfaces 
are not wet by water (such as polytetrafluoroethylene 
when clean or a silicone alloy with its active hydrophobic 
surface) resist the formation of a continuous conductive 
film. 

Chaikin (7) reports that a clean, glazed L5A steatite, 
which does not absorb water but which is readily wet by 
surface resistivity from about 10° 
megohms at 60 per cent RH and 100 F to about 10' 
megohms at 97 per cent RH and the same temperature. 
For dielectrics that are wetted and that also absorb water 
(for example, laminated dielectrics), the water content, 
whether held mechanically in the interstices or actually 
absorbed, aggravates the degree of degradation. 

Degradation of surface resistivity by an absorbed sur- 
face film of water is sufficiently serious for most in- 
sulants even when they are clean. When the surface is 
also contaminated, degradation is likely to be drastically 


it, decreases in 


ELECTRICAL MANUFACTURING 








worse. The surface resistivity of a clean polytetrafluoro- 
ethylene-glass laminate at 100 F and 97 per cent RH was 
found to be about 3 * 10° megohms. When the space 
between the two annular surface electrodes was con- 
taminated with a fingerprint connecting the electrodes at 
each of three places, the surface resistivity of this 
laminate at 100 F and 97 per cent RH was only one 
megohm (7). 

Polytetrafluoroethylene, polytrifluoro-monochloroethyl- 
ene, polyethylene, polystyrene, polymethylmethracrylate, 
nylon, glazed steatite, Pyrex glass, melamine, polyester or 
epoxy-resin glass laminates and (depending upon the 
method of cleaning) glass laminated with polydiallyl 
phthalate or a silicone resin, all degraded in surface re- 
sistivity when fingerprinted at three spots and exposed to 
97 per cent RH. When a phenolic resin-paper laminate 
was allowed to accumulate dust in an isolated laboratory 
location for only one month and then was tested at 97 per 
cent RH, surface resistivity degraded (7). 


Other Effects of Surface Contamination 


Changes in dielectric constant or loss tangent or both 
can occur when the dielectric used in r-f service is both 
dirty and wet. Unfortunately, this condition is difficult to 
evaluate in the laboratory—particularly at the higher fre- 
quencies. Consequently, dependence on field tests or ex- 
perience is necessary. 

Background noise may be caused by insulators sub- 
jected to high voltages and high humidities—the higher 
the humidity the lower the potential at which noise is 
experienced. Noise may be caused by discharges between 
portions of the surface of the dielectric and adjacent 
metal surfaces. It may also result from molding or 
machining stresses in the dielectric—for example, an un- 
annealed polystyrene or polymethylstyrene. Voids within 
the body of the insulant are foci for discharges that can 
destroy the material as well as create noise. 

Voids, other manufacturing imperfections, and internal 
strain in dielectric materials can be corrected by suitable 
techniques. A standing potential can, in many instances, 
restore surface resistivity by driving off the adsorbed 
film of water, even for contaminated material (7), pro- 
vided the equipment need not operate immediately. A 
water-repellent coating (for example, an organosilicon 
compound) may be applied to the surface of the insulator 
to reduce the amount of the adsorbed water film and 
thus the surface leakage. Generally, for surface resistivity 
to be independent of humidity, the surface must comprise 
hydrophobic radicals (methyl or methylene, ethyl, etc.) 
and must be free of hydrophilic groups. (J7, 12) 

In terms of new dielectrics needed for microwave ap- 
plications, the materials should exhibit the required 
mechanical and electrical properties and simultaneously 
provide a hydrophobic surface. The hydrophobic char- 
acteristic must be exhibited regardless of the type or 
condition of the surface—whether it is molded, machined, 
abraded by the elements, contaminated by fingerprints, 
salts or other foreign matter, or embedded with dirt. 

Table I lists seven different silicone alloys with a high 
degree of surface resistivity as proof that required proper- 
ties can be attained by chemical means. 


The Basic Dielectric Polymer 


As a starting point for microwave dielectrics of re- 
quired performance levels, it is necessary to have a basic 
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Table 1—Surface and Volume Resistivities of 
Selected Dielectric Compounds 





A, U.S. Navy Underwater Sound’ Laboratories test for surface 
insulation (in ohms) of test specimens exposed continuously 
to outdoor weathering and tested in the dirty and wet state 
after conditioning the dirty specimens in the laboratory at 
23 C and the humidity stated: 














‘ Surface resistance (ohms) of dirty and 
Ex- wet specimens at: 
posed, . 
Composition |months* | 
50 per cent | 100 per cent | 100 per cent 
RH - 1 day | RH - 1 day RH -7 days 
TFE -cleaned®| 43 9.0 X 10’? | 1.0 X 108 | 8.0 X 10’ 
TFE - dirty 43 3.0 X 10® | 2.4 X 10® | 2.4 X 10° 
TFE - dirty 6 1.4 X 10° | not run not run 
Dylec — 1049° 41 4.6 X 10" | 1.0 X 10" | NA 
1050 41 3.1 X 10% | 1.0 X 10% | NA 
1586 9 1.3 X 10 | 4.0 KX 104% | 1.2 X 10!° 
1587 9 1.7 X 10 | 2.5 X 10" | 6.3 X 10" 
1636 9 1.7 X 10" | 1.0 X 10" | 6.6 X 107° 
1642 9 1.7 X 10" | 5.0 X 10° 5.0 X 10!° 











B. Surface resistivity (in ohms per unit square) of test speci- 
mens exposed continuously to outdoor weathering and tested 
at the humidity stated after conditioning the dirty specimens 
in the laboratory at 23 C and the humidity stated?: 


Surface resistivity (ohms/square) of 
Ex- dirty and humidified specimens at: 
posed, 
Composition |months* 
- 50 per cent | 100 per cent | 100 per cent 


RH - 1 day | RH ~ 1 day | RH -7 days 


TFE - ened 43 


2.1 X10" | 3.0 x 10" | 4.2 x 108 

TFE - dirty 43 | 5.3 X10" | 2.3 X 10" | 3.5 X 10" 
Dylec-1049° | 41 | >3 X10" | >3 X 10" | 1.7 X 10" 
1050 | 41 | >3 X10") 53 X 10%] >3 X 10" 

1586 9 | 52X10" | 2.0 X 10" | 1.3 X 10% 

1587 9 | $2 X10"! 1.0 X 10" | 1.3 X 108 

1636 9 | 52X10" | 2.0 X 10" | 6.4 X 10" 

1642 9 | 52X10" | 4.2 x 10" | 2.8 X 10” 


C. Volume resistivity (in ohm-cm) of test specimens exposed 
continuously to outdoor weathering and tested at the humid- 
ity stated after conditioning the dirty specimens in the lab- 
oratory at 23 C and the jo nea stated?: 


| | Volume resistivity (ohm-cm) of dirty 
| Ex- | and humidified specimens at: 
| posed, . - —— 


Composition |months*| 
- 50 per cent | 100 per cent | 100 per cent 


| RH — 1 day RH — 1 day | RH - 7 days 








| 





TFE -cleaned’| 43 2 x 10" 2 x 10" 2 x 10 
TFE-dirty | 43 2x10" | 2x10" | 2x 10" 
Dylec-1049° | 41 6 X 10" 6 X 10" 6 X 10! 
1050 | 41 | 6 X10" 6X10" | 6 X 10" 
1586 | 9 1 X 10" 1X10" | 1X 10" 
1587 9 1 X 10" 110% | 1X 10" 
1636 9 | 1X10" | 1X10" | 1X10" 
1642 9 2 X 10" 2 x 10" 2 x 10" 





Notes: * Specimens were exposed at 45 deg angle facing south in an industrial 
location adjacent to the Delaware River at Wilmington, Del. 
> TFE = polytetrafluoroethylene. One sample of TFE that had been 
exposed to weathering for 43 months was carefully washed clean of all 
surface dirt accumulation, dried, and then conditioned at the tempera- 
ture and humidities stated to provide an additional control. 
© Dylec (Delaware Research trademark) silicone alloys. 


4 Electrification time was 60 sec at 100 volts. This test differed from the 


USN-USL test in (1) the electrode configuration and (2) the fact that 
the humidified test specimens were not immersed as well in distilled 
water. 


® NA = not available at this time. 











Fig. 1—Airborne flush-mount TR antenna using silicone alloy 
(Dylee 1147) dielectric. (Electronics Division of The Gabriel 
Company.) 





Fig. 2—Artificial dielectric medium showing use of Dylec 1147 
silicone alloy simultaneously as a matching transformer and 
support. (Sperry Gyroscope Company, Sperry Rand Corpora- 
tion.) 


Table il—Dielectric Characteristics of Selected 
Silicone Alloy Compositions* 








At 100 mc At 9375 mc 
Den- Se cata 

Type sity, 
no. Ib/cu ft €'/€0 tan 6 €' /€9 tan 6 
1769 1.36 1.025 | 0.0001 | NA NA 
1203 3.58 1.07 0.0002 | 1.072 0.0005 
1270 6 41 1.11 0.0003 1.115 0.0005 
1332 10.7 1.20 NA | 1.215 | 0.00028 
1467 14.0 1.25 0.0001 1.258 0.00034 
1358 16.2 NA NA 1.336 0.00037 
1764 22.6 1.45 0.0005 1.43 0.0005 
1765 29 6 1.49 0.0003 1.50 0.0005 
1766 33.0 1.69 0.0005 1.65 0.0011 
1767 Ce 1.80 0.0004 1.74 0.0013 
1768 43.2 1.89 0.0006 1.86 0.0011 
1770 52.8 2.27 0.0011 NA NA 
1147 62.9 2.49 0.00025 2.51 0.00084 
1771 67.0 2.75 0.0006 NA NA 
1772 68.8 2.90 0.0005 NA NA 
1773 72.2 3.03 0.0003 NA NA 
1775 89.1 4.69 0.0008 NA NA 

® Determinations were made at approximately 25 C and 50 per cent RH, after 
test specimens had been conditioned for at least 48 hr at these conditions. Only 
one lot of each composition, prepared and molded by Delaware Research, was 
tested. 

© Delaware Research Dylec materials. 

© NA = not available at this time. 
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or “matrix” polymer with properties that can be con- 
sistently reproduced. By suitable chemical means, specific 
properties can be varied at will. 

Values of dielectric constant, for example, higher than 
that for the matrix polymer, whether greater or less than 
unity in specific gravity, may be obtained by modifying 
the polymers with high-dielectric-constant additives. 
Aluminum, for example, is a rather efficient additive; 
small amounts may increase the dielectric constant sub- 
stantially. Permeability, however, is reduced to less than 
0.9 and tan 8, particularly at microwave frequencies, be- 
comes intolerably great. Titanium dioxide in the crystal- 
line, rutile form, when substantially free of impurities, 
provides compositions having a permeability of unity and 
loss tangents of not more than 0.001 at X-band. However, 
the matrix polymer often must be very heavily loaded and 
cannot be easily molded into useful shapes: it is difficult 
to machine and is fragile. Table II includes some struc- 
turally useful compositions with moderately high dielec- 
tric constant values and good molding and machining 
properties. 

The realities of production and commercial use are 
such that the workability of a dielectric, or lack of it, 
may be the deciding specification criterion. Molding, 
welding and bonding are among these considerations. 
There are many cases in microwave work where the 
dielectric part cannot be molded. Tool costs may be 
prohibitive for the number of pieces required. The shape 
or size may be such that there is no press adequate to 
handle the job. More frequently, the dimensional toler- 
ances really needed are too fine for anything except 
precision machining with very thin cuts. The material 
must be structurally rigid with little or no cold flow; it 
must also be tough enough not to chip or crack. It must 
develop a smooth finish; tool marks or hairline cracks 
can be as harmful in a dielectric as they are in a metal. 


The Silicone-Alloy Dielectrics 


Reference has already been made to the silicone alloys 
(Table I). These materials are new compositions de- 
veloped out of “matrix” polymers. An outstanding char- 
acteristic for microwave service is the fact that these 
alloys provide a surface rich in hydrophobic radicals for 
an indefinitely long time under drastic environmental 
conditions. 

The contact angle of a water droplet on a silicone- 
alloy surface contaminated by more than four years of 
continuous outdoor exposure is very high—of the order 
of 150 deg. The water droplet rolls about on this dirty 
surface in the same fashion as a bit of mercury rolls 
about on a piece of clean glass; it bounces off when this 
surface is slightly inclined. Embedded as well as surface 
dirt is rendered hydrophobic; a high-performance in- 
sulator subjected deliberately to severe handling was 
found to hold its original high value of surface resistivity. 
(10) 

The silicone alloys are comprised of organosiloxanes of 
different kinds and varying amounts: for example, di- 
methyl at 15 per cent by weight, and other organic 
materials such as methylstyrene, chlorinated polyether, 
copolymerized butadiene, styrene, or acrylonitrile. The 
particular starting ingredients and the proportions of 
each are selected to provide the particular combination 
of properties required for a stated application. The 
vital surface properties are provided by the hydrophobic 
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radicals of the silicone; the general properties are pro- 
vided largely by the other starting materials and by the 
processing; for example, the degree of cross-linking. 
The constitution of the alloys is such that the hydro- 
phobic groups are always available throughout the mass 
to provide an effective repellent surface. 

Table III gives a summary of the electrical properties 
of one member of this family of patented silicone alloys.* 
Test specimens of two lots were produced in equipment 
and by methods used to make microwave components. 
The specimens then were tested at a temperature of 
approximately 25 C and 50 per cent RH by five in- 
dependent laboratories; however, each laboratory did not 
test at all the conditions listed. 


Application Considerations 


Shock and Vibration. Among the considerations faced 
by the microwave design engineer are shock and vibra- 
tion; for example, the necessity of maintaining delicate 
airborne components precisely in their places under flight 
conditions. In the Gabriel Electronics airborne, flush- 
mount 114-turn helical, common transmit-receive antenna 
(see Fig. 1) the radome must maintain its own trans- 
mission properties under flight conditions and exposure 
to the elements. It must also hold the helix (supported in 
the aluminum housing only by the bolt at the center of 
the radome and by the feed-through insulator at the 
coupling) exactly in the position required for electrical 
performance when subjected to applicable Air Force 
shock and vibration tests. Silicone alloy materials were 
used for the antenna. The specified test was run for 2 
hr, twice the required time, at 10 to 55 cps at 0.060 in. 
in each of three planes. There was no resonant point. The 
shock test comprised 18 shocks of 11 millisec each at 
15 g. There was no failure. 

Dielectric Scanning Lens. At millimeter wavelength, 
the dielectric scanning lens should offer a number of 
advantages: (a) a simplified, lighter and more efficient 
feed; (b) reduction in mechanical problems, including 
those associated with dimensional tolerances; (c) elimi- 
nation of a separate radome; (d) sharper and more 
precise beams. The common complaint about such lenses 
is loss of gain, attributed to surface reflections at the 
dielectric /air interface. However, a means of determining 
the dielectric sheet required to match the surface of the 
lens has been developed in a Stanford Research Institute 
study. (16) Thickness and dielectric constant may be 
paired to ascertain the values optimum for a given sys- 
tem; both values are likely to be strictly controllable to 
those demanded by performance. 

Sperry Gyroscope Company has designed several mic- 
rowave lenses of the constrained variable index of refrac- 
tion type, the principles of which have been reported 
by Smedes. (1/7) One objective has been to produce a 
wide-angle-search radar antenna system with an efficiency 
superior to other designs, in particular to conventional 
metal plate lenses and to reflector-type antennas. 

Figure 2 illustrates one of the Sperry lenses. It consists 
of four H-shaped sections molded to close tolerances in 
a dimensionally stable, low-loss, silicone-alloy dielectric 
which serves as a matching transformer while simul- 
taneously supporting the serrated metal strips in their 
proper position in the waveguide. 


*Dylec is a trademark of Delaware Research for its silicone-alloy dielectric and 
insulating materials, 
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Impedance Transformers. As power input to a feed 
increases and as frequency increases, the essential smooth 
transformation of input impedance is less and less likely 
to be accomplished simply by shaping a dielectric insert 
of constant refractive index; for example, by conical 
tapering of polytetrafluoroethylene in a circular guide. 
The desired field pattern is obtained only if the tapered 
plug is perfectly symmetrical with a completely smooth 
surface. 


Table Ili — Summary of Electrical Properties of a 
Typical Silicone Alloy* 





Dielectric constant at 8600 mc, 25 C, 50 per 


cent RH: 2.49 
at 8500 mc, 127 C, dry: 2.46 
Loss tangent at 8600 mc, 25 C, 50 per cent RH: 0.00079 
at 8500 mc, 127 C, dry: 0.0005 


Electric strength (breakdown voltage, 60 cps), 
volts/mil 


A. In oil, step-by-step endurance, 25 C for 6 
in. by 6 in. by 13 mil thick specimens, 
16,000 volts initial voltage, 2000-volt in- 
crements to 22,000 volts final voltage: 1600 
B. In oil, short-time test, 25 C, 1000 volts/sec 
constant rate of rise, for specimens 6 in. by 
6 in. by thickness stated, to indicate effect 
of thickness: 
13 mil: 2610 
65 mil: 846 
141 mil: 550 
C. In oil, short-time test, for specimens 6 in. 
by 6 in. by 65 mils thick, 1000 volts/sec 
constant rate of rise, to indicate effect of 


temperature: 
2¢ 846 
50C 950 
7 C 970 
D. In air, short-time test, for specimens 10 in. 
by 10 in. by 14 mils thick, 1000 volts/sec 
constant rate of rise, at 21 C and 35 per 
cent RH: 1950 
R-F flashover voltage, in air, 25 C and 45 per 
cent RH, volts rms: 
2me: 10,600 
18 me: 10,500 
100 me: 10,500 
Volume resistivity, ohm-cm 
at 40 per cent RH and 22 C, for 65 mil thickness: 5 xX 107 
at 50 per cent RH and 50 C for 125 mil thickness: 6 X 104 
72C ” ” ” 6 X 10'4 
100 C ” ” ” 6 X 104 
125C ” ” ” 6 X 10" 
at 100 per cent RH and 23 C, 125 mils, after 
1 day”: 7 X 10 
7 days: 7 X 10" 
14 days: 7X 10" 
Surface resistivity, ohms/unit square 
at 40 per cent RH and 22 C: 3X 10” 
at 100 per cent RH and 23 C, after 1 day : 3 X 104 
” 7 days: 3 X 10" 
» 14 days: 3 X< 10" 
after 21 months’ continuous outdoor exposure, 
tested dirty at 100 per cent RH and 23 C after 
exposure to 100 per cent RH and 23 C for 
1 day: 2 xX 10" 
7 days: 1.8 X 10” 
14 days: 6.8 X 10’ 
Surface resistance, ohms, at 27 C and 95 per cent RH: 104 
75 Cand 95 per cent RH: 10'4 


75 Cand 60 percent RH: 8.4 X 10" 


Insulation resistance, ohms 


at 90 per cent RH and 35 C, initial value: 2 X 10" 
after 15 days’ exposure: 2 X 10% 
at 40 per cent RH and 22 C, 65 mils thick: 2 xX 10% 





* Delaware Research Dylee 1147. 


131 


130 


Mechanical perfection, however, is a slender thread on 
which to support a high-performance radar. Even with 
perfect symmetry and a smooth surface, the fact remains 
that reflections at the dielectric/air interface still may 
occur. The dimensions of the cone are finite at its tip, 
if not at the time of machining, then soon after it has 
been handled in assembly. The difference in dielectric 
constants is substantial. 

Corona. The problem of preventing corona failure is 
faced frequently in microwave applications. It is often 
aggravated by the necessity of minimizing or eliminating 
r-f heating. This problem arose in the Granger Associates’ 
fixed-wire antenna system (Fig. 3) which is designed to 
handle the voltage and current obtainable from a 1-kw 
modulated transmitter, 2 to 36 mc, 100 per cent ampli- 
tude. A suitable dielectric was required to prevent serious 
r-f heating and corona failure in the mast and in the 
conically shaped shorting relay which also serves as a 
strain insulator. 

The construction of an insulated conductor feeding the 
antenna through the mast was simulated by molding a 
silicone alloy directly (no adhesive) on a piece of copper 
tube, approximately 9 in. long and 14 in. OD. The mold- 
ing was approximately 2 in. OD and 6 in. long. Thus, the 
copper tube projected about 114 in. from each end, 
allowing the test specimen to be mounted in a coaxial test 
jig. Test voltage was 24 kv rms and test frequency 2 mc. 

The silicone-alloy dielectric material (Dylec 1467) has 
a dielectric constant of approximately 1.25, a loss tangent 
of 0.0001, both at 100 mc, and a density of 14 lb per 
cu ft. As molded on the tube, it had a fine-pore, closed- 
cell structure. Granger Associates found no corona break- 
down internal to the dielectric. There was arcing 
external to the dielectric material but there was no 
apparent damage to it. After 15 min exposure at 24 kv, 
the temperature of the test specimen was less than body 
temperature; that is, it was cool when touched. 

Antenna Insulators. The use of silicone alloys for 
‘he end-seal insulators of submarine whip antennas has 
been reported previously. (9, 10, 13, 14, 15) A group of 
three spreader insulators for the VOR airways beacon 
antenna illustrated in Fig. 4 is typical of over 25,000 
production units. 

The steatite insulator replaced by the silicone alloy 
had a strong tendency to wetting by fog and other 
elements. Antenna operation was thereby impaired. Re- 
ports on the performance of the silicone alloy insulators 
indicate that the original electrical properties have been 
maintained in the presence of dust, snow, rain and fog. 
The original extruded surface is machined to the finished 
dimensions but the surface properties of the insulator are 
retained, owing to its homogeneous composition. 

Streamlined fairing units made of another alloy (Dylec 
851) were used for the AT-350/BRC submarine mid-fed 
ship antenna (Fig. 5). These units withstood cruising 
under the ice and surfacing at the North Pole on USS 
Skate. 

X-ray Equipment. Silicone-alloy material was specified 
for the housings as well as for the dielectric and in- 
sulating parts of the motion-picture X-ray equipment 
shown in Fig. 6. This was not a matter of cost: metal 
construction would have been cheaper. Use of silicone 
alloys made for an electrically safer apparatus and pro- 
vided a warmer, more pleasant surface upon which the 
patient reclines. 
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Fig. 3—Fixed-wire airborne antenna system showing mast, 
strain insulator and combined strain insulator-shorting relay 
using silicone alloy dielectric. (Granger Associates, Inc.) 


Insulants that do not degrade in surface resistivity 
when subjected to body contact can be used to advantage 
in safety-engineered probe tips manually attached to high- 
voltage equipments, and generally in properly engineered 
similar design considerations are 

OOO 


apparatus where 


present. 
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Fig. 4—VOR antenna spreader insulators in a water-repellent 
5 silicone alloy dielectric. (Isolantite Mfg. Company.) 
Fig. 5—AT-350/BRC submarine mid-fed whip antenna showing 
silicone-alloy streamline fairing units. (Premax Products Divi- 
sion, The Chisholm-Ryder Company.) a+ 
Fig. 6—Silicone alloys find 
application for both housing 
and insulating parts in this 
Stereo-line X-ray unit. 
(Technical Products Com- 
pany.) 
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AUTOMATIC CONTROL SYSTEM DESIGN 4 


Design by Transfer Function Methods 


The transfer function of a system results from the combining of the transfer func- 


tions of the devices that make up the system. By various means (Nyquist plots and 


Bode diagrams) the system function can be analyzed to determine whether or not 


the design is basically sound and, if not, in what way it should be altered to make 


it so. 


IRA RITOW 

Manager, Theoretical Analysis 
AIRBORNE INSTRUMENTS LABORATORY 
Mineola, New York 


THE SIMPLEST FORM of servo or feedback control system 
is shown in Fig. 37. The blocks represent devices with 
transfer functions of A and B as indicated. The circled 

” represents a summation device. Symbols 6\,, 6. 
and E are input, output and error signals (or thei: 
Laplace transforms), respectively. The action of A, 
usually the motor of the control system, is to vary 6, so 
as to keep E virtually zero, When E is zero, 


a 0 (65) 


so that the action of A is to sense E, the error or differ- 
ence between 6,, and Bé,, and to cause 6, to change in 
an effort to reduce E to zero. Thus closed-loop devices 
such as that shown in Fig. 37 are called error-sensing 
dev ices. 


In general, 


and 


so that 
(67) 


Equation (67) is the general transfer function of the 
basic feedback system. From previous discussions, it is 
also the frequency response function of the system if the 
substitution of jw = p is made. 
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The next section will discuss the problem of predicting 
the stability of feedback systems. Before that discussion 
a word is necessary on the rules of combining transfer 
functions. Since transfer functions are algebraic, they 
are combined by the rules of algebra. Figure 38 shows 
four pairs of equivalent transfer functions for reference. 

The Nyquist Stability Criterion. The Nyquist sta- 
bility criterion is a very useful means of determining the 
stability of a servomechanism: it is simple to use although 
complex in concept. A servo is said to be stable if the 
output does not oscillate indefinitely nor continuously 
increase if the input is zero. A hypothetical test for the 
stability of a linear servo is to apply an impulse to the 
input. The output response should decay with increasing 
time (after the initial displacement due to the applied 
impulse). Since the transfer function of a simple servo is 


(68) 
from which, in the p plane, 


1 
I in 69 
6 i+ AB 6 (69) 


and in the case where 6,, is an impulse (the Laplace 
transform of an impulse is unity), 


{ 
x 
ero ae (70) 


the system will be stable and 6, will decay with time if 


ig. 37—Simple feedback-system block diagram. 
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Fig. 38—Four pairs of equivalent transfer functions. 


A/(1 + AB) has no poles in the right-hand p plane. 
The Nyquist criterion is a means used to determine 
whether or not 4/(1 -++ AB) has poles in the right-hand 
half of the p plane. 

The following discussion centers around Fig. 39 which 
shows the development of the Nyquist stability criterion. 
As restated in Fig. 39a, the existence of poles of 
A/(1 + AB) in the right-hand part of the p plane indi- 
cates that the servo is unstable. These poles can be caused 
either by zeros of (1 + AB), Fig, 39b, or poles of A, 
Fig. 39c. We will assume that neither A, B nor (AB) 
has poles in the right-hand p plane, a reasonable assump- 
tion for most single-loop servos. The sole criterion of 
instability is now the occurrence of zeros of (1 + AB) 
in the right half of the p plane as shown in Fig. 39b. 

[A complex number theorem by Cauchey is needed 
here. The theorem states that, if a complex function of p 
is evaluated around a closed path in the p plane, the 
number of cycles of phase rotation of the function as the 
closed path is traveled is equal to the number of poles 
of the function of p that occur in the enclosed region 
minus the number of zeros of the function of p that occur 
in the enclosed region. | 

To return to the Nyquist criterion, if AB has no poles 
in the right half of the p plane, certainly (1 + AB) has 
no poles in the right p plane and the number of zeros of 
(1 + AB) in the right p plane (now the only indication 
of instability remaining) is indicated by the total phase 
change of (1 -+ AB) as the dashed and dotted path of 
Fig. 39d is traversed. 

Figure 39e shows that, if (AB) is plotted in complex 
form, a ray from the (—1) point to (AB) is a directed 
line of magnitude and direction equal to (1+ AB). 
The Nyquist criterion for stability for single-loop servos 
can now be stated as: 

(1) plot (AB), the open loop transfer function,* in 


*“The open-loop transfer function’ is the product of AB, the total transfer 
function of the cascaded blocks around the closed loop if the loop is traversed 


once and then broken. ‘“‘The closed-loop transfer function’ is the overall trans 
fer function of the servo with the loop closed (normal state) 
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P plane 


This could be caused 
by(b)or(c) 


Pp plane 


Pp plane 
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Wy fifi 
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Which can be detected 
by(d) 


Around path shown 
number of 

ycles of rotation 
of (1+A&) = 
number of poles 
of (1+A8) enclosed 
minus number of 
zeros of (1+48 
enclosed 


f AB has no poles, 
zeros ore detectable 
by(e) 








Fig. 39-—-Development of Nyquist stability criterion. 
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Fig. 40—Application of Nyquist stability criterion. 


Fig. 41—Nyquist criterion applied to an unstable system. 
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complex form as p goes from 0 to +jx to —j~» 
to 0 enclosing the right half of the p plane. 

if the net cyclic rotations of a ray from (—1) 
to the AB locus has zero net phase rotations, the 
system is stable. 


In actual application of the Nyquist criterion, the locus 
of (AB) is plotted from p = 0 to p= +j~ (the dashed 
line) and then the rest of the diagram is plotted by a few 
simple rules. This procedure is illustrated in Fig. 40. 
The plot of Fig. 40a shows the plot of the dashed line 
case of Fig. 39d in which p goes from 0 to +j. The 
part of the locus from p = —j@ to 0 is drawn as the 
mirror image of Fig. 40a, but with the arrow that indi- 
cates the direction of increasing frequency drawn reversed 
from its mirror image. In Fig. 40b the dotted semicircle 
of Fig. 39d appears as only a point. Applying the Nyquist 
criterion to Fig. 40b shows that the (1 + AB) ray oscil- 
lates only through the small angle, 4, indicated and the 
system is stable. 

Figure 41 shows the same development applied to an 
unstable system. Notice that the turn in Fig. 41b from 
the dashed line to the dotted line is a right turn, just as 
it is in Fig. 39d. The criterion that determines where the 
dotted semicircle lies is that the turns be made in the 
same fashion on both diagrams as indicated. In Fig. 41b 
the ray from the (—1) point to the AB locus makes two 
cycles while tracing the AB locus, thereby indicating an 
unstable system. 

As an exercise it is suggested that the reader check the 





Fig. 42—Nyquist stability criterion examples. 
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stability of the three loci of Fig. 42, and prove to himself 
that Fig. 42b is the only unstable one. As is conventional, 
the arrow indicates the direction of the AB locus that 
corresponds to increasing p along the j axis. 

Since, if jw is substituted for p in the transfer function, 
the gain at any frequency is obtained, the plot of AB 
from p = 0 to p = += is also a plot of the gain of 
AB from » = 0 to w = ~. For most simple servos, this 
plot (the dashed line of Figs. 40a and 41a) is adequate 
to determine the system stability. If the locus crosses the 
real axis to the left of (—1), the system is considered 
unstable. As can be seen from Fig. 42, however, this 
criterion is not always correct. 

Often a measure of relative stability or nearness to 
instability is desired. For this purpose, two terms, gain 
margin and phase margin, are commonly used. These 
terms are illustrated in Fig. 43 for the case of a simple 
servo. Phase margin is that phase difference at unity gain 
which would make the servo unstable. Gain margin is 
that change in gain at a phase of —180 deg which would 
make the servo unstable. 

The Bode Diagram. From the discussion of the 
previous section, it is apparent that the multiplication of 
transfer functions is required in stability analysis and 
the Bode diagram is a method of plotting transfer func- 
tions that permits rapid graphical transfer function 
multiplication. 

If two transfer functions are written in polar form: 


{4 = A, e’4 


B = B, e* (71) 


then 
1B A, B, ei(or (72 


so that to multiply transfer functions, phases are added 
and magnitudes are multiplied. If the logarithms of 
A, and B, are known, then the logarithm of the product 
is the sum of the separate logarithms. The Bode diagram 
plots phase and logarithm of magnitude as separate func- 
tions of frequency. The unit of magnitude used is the 


Complex plane 


Fig. 43—Gain margin and phase margin for a simple servo. 
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Fig. 44—Chart for converting gain as a pure ratio to gain in 
decibels. 


decibel (or “db’”) which is related to magnitude by: 
m = 20 logioM 


where M is the magnitude in ordinary units and m is the 
magnitude in decibels. Figure 44 gives a decibel conver- 
sion chart. 

The Bode diagrams for the basic transfer functions 
discussed previously are shown in Figs. 45, 46 and 47. 
In each case the curves continue as straight lines beyond 
the limits of the graph.* The reader should check each 
curve against its Nyquist counterpart to obtain a feel for 
the correlation between Figs. 27 to 32 and 45 to 47. 
In many cases there is a traditional conversion from 
T to 1/w,, an alternate notation. 

In Fig. 46 the phase shift of the transit lag is not plotted 
since its shape is not uniform but varies with 7 and is 
easily calculated. 

In the development of the feedback equation 


0 1 1 (AB) 


- "T2 2e Ba ae GY) 


it is apparent that in order to plot the frequency response 
of a feedback system it would be handy to have a chart 
to determine AB/(1 + AB) from AB rapidly and to 
indicate if the system is stable at the same time. Such 
a chart is called a Nichols Chart and one version is shown 
in Fig. 48. The “forbidden zone” corresponds to the 
region shown crosshatched in Fig. 49. If the open-loop 
response does not cross the forbidden zone, then the 
simplified stability criterion discussed previously is satis- 
fied and the system is stable. A set of conversion curves 
similar to Fig. 48 can be drawn in Nyquist-diagram form. 


*This is not accidental but is forced by plotting frequency on a logarithmic 
scale. 
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Fig. 45 
lag networks. 


Magnitude components of Bode diagrams for lead and 


There are two stability criteria that are particularly 
well suited for use with the Bode diagram. They are both 
approximate and do not apply to extremely complex 
systems— particularly systems that have poles in the A 
transfer function as defined in Fig. 39. The first stability 
criterion is essentially a rephrasing of the forbidden zone 
concept of Fig. 48. This criterion is: “Systems with posi- 
tive phase margins are stable and systems with negative 
phase margins are unstable.” 

Positive and negative phase margins are illustrated in 
Fig. 50. If the phase margin is defined as “the phase of 
the open-loop transfer function at the frequency of unity 
the positive and negative sign 
Notice that in 
Fig. 50 the AB locus crosses the unit circle only once. 


gain plus 180 degrees, 


conventions referred to are satisfied. 


If a system AB locus crosses the unit circle twice (i.e., 
has zero db open-loop gain at more than one frequency), 
the phase-margin stability criterion does not apply. 
There is a definite correlation in the Bode diagram 
between the slope of the magnitude curve and the value 
of the phase-shift curve. For example, an examination of 
Figs. 45, 46 and 47 shows that a magnitude curve slope 
of +6 db per octave (20 db per decade) over an extended 
frequency range corresponds to a phase shift of +-90 deg, 
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Fig. 46—Phase-shift components of Bode diagrams for lead and 
lag networks. 
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Fig. 47—Bode diagram for a second-order transfer function, 


© db per 
90 deg, etc. Because of this cor- 


|+-12 db per octave corresponds to +180 deg, 
octave corresponds to 
relation and because of the general integrating character 
of motors, the simple stability criterion of the previous 
paragraph can be restated for most single-loop control 
systems as: “A system will be stable if the slope of the 

10 db/decade 
frequency 


magnitude curve is more negative than 
(—12 db/octave) for an extended 
around the frequency at which the magnitude is zero 
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phase shift 
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Fig. 48—Chart for determining closed-loop response from open-loop response. 
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Table ill—Typical Transfer Functions 


Complex plane : General 
Schematic Exact form 
form 





R; 
R.R,.Cp+(R,+R,) 


C, 
RCC: p+(C.+C,) 





Fig. 49—Forbidden zone which the open-loop response must 
not cross if the system is to be stable. 





decibels (unity gain).” By “extended frequency range” 

is meant a total range of about two decades. It should 

be kept in mind that this stability criterion is approximate 

and of greatest use as a guide, check or supplement to R.Cp 
Nyquist’s criterion. (Ri+RdCp+l 
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Fig. 50—Illustration of positive and negative phase margins as 
a means of determining stability. 
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Use of Networks to Vary Transfer Functions. 
In many servomechanisms the motor is preceded by an 
electronic amplifier. This arrangement permits the use of 

AUTOMATIC WTR NAVIT) Nae f.| an electrical network to change the transfer function of 
the amplifier and thereby change the transfer function of 
the A term in Eq (67). A few of the most useful networks 
are shown in Table III, arranged by the form of their 
transfer functions. By inserting values of resistance and 
capacitance in ohms and farads as indicated by the second 
column, the component values needed for any particular 
transfer function can be determined. An example of this 
process will be given in the next section. The general form 
(T,p + K,)/(T.p+K.) did not appear in previous 
Bode diagram examples and is plotted in normalized form 
in Fig. 51. 

A Design Example. An example of the analysis and 
redesign of a servo will be given to illustrate the use of 
the Bode diagram. The problem servo is shown in Fig. 52. 
It will be assumed that the motor and gearing have been 
chosen to satisfy transient and static requirements as 
discussed in a previous article* and the problem at hand 
is to determine the amplifier gain and transfer function 
required to satisfy the following requirements: 

1. Frequency response to be flat to at least 4% cycle per 


Fig. 51—Bode diagram of (lw; p + 1) second. 


2. Servo to be slightly underdamped (i.e., a small 
5 gal/min output Output amount of overshoot in the step response is desired). 
per ampere shoft 

sete" 


The first step is to reduce the system specifications to 
7 . the same system of units. 
a | lectro- earing 
| Electronic | hydraulic [ Hydrautic 1:7 In this case the cgs system was chosen. 


___ Gin ig mixer ond valve " | eunewe : . , 
input signal amplifier Transfer inn J, = output shaft inertia = 1 Ib-ft’ 
ae 71 = | } 1 Ib-ft2 ¢ 453:6e@m_  _( em) 
| A amperes. / = (0.0328 ft) 
} volt of error 421,000 gm-cm? 75) 


Potentiometer 

Feedback signa , ; iy 

i ee {= Omy = motor max velocity = 180 rpm (at 1 gal/min input) 
20 volts/radian ir 180 rev 


= 





1 mi 6.28 re 
_ tame So. we tiedien (iO 
1 rev 


\ 


= . A - * 
1 min 60 sec 


Motor max velocity = 180 rpm at | gal/min input woes motor stall torque = 0,03 lb-ft 106 ,800 dyne-cm (77) 
Motor stall torque = 0.03 Ib-ft at | gal/min input 
Motor inertia = 0.02 Ib-ft? Jm = motor inertia = 0.02 lb-ft? = 8,420 gm-cm? (78) 
sh direst wet. ; 
speed =[==F Torque lost Loss of motor torque as speed increases can be repre- 
= , sented as viscous damper, F,,, which corresponds to K, 
of Eq (59). 
’ T, 106,800 . 
kK sn = oo, = 21,580 dyne-cm/rad/sec (79) 
6, 18.84 ; 
It is suggested that the reader verify these and all 
other calculations for practice. 
The servo diagram can now be redrawn into a more 


*“The Role of Response in Specifying Servo Drives,’ I. Ritow, Execrricat 
Manuracrurinc, March 1956, p 82. 








F=21,580 dyne-cm/radian per sec 
J= 17,020 gm-cm2 


Fig. 53—Equivalent of problem servo in Fig. 52. Fig. 54—Problem servo further simplified. 


140 ELECTRICAL MANUFACTURING 





usable form as shown in Fig. 53. Reflecting all the inertia 
to the motor shaft reduces Fig. 53 to Fig. 54 in which 
21,000 a 
J =Jn+n?J. = 8,420 + 4 is — = 17,020 gm-cm? (80) 
where J = total inertia reflected to motor shaft and n is 
the gear ratio. The gain of the motor, K,, which is the 
same as the stalled torque for unit input, is 


K, = 0.03 lb-ft/gal/min input 
106,800 dyne-cm/unit input 


From Eq (64), the transfer function of the motor and 
reflected load is: 


1 Ki/K; 1 406, 800/21, 580 


P(Jn41) P (17020, 4] 
(i? ’ ) (sr'sae” + 


18.8 rad /gal/min 
~ p (0.79 p+ 1) “8° 


(81) 


The servo diagram now becomes the transfer-function 
diagram of Fig. 55a or the further reduced form of 
Fig. 55b. 

Partly in review, the stability analysis consists of the 
following steps: 

(a) Plot the transfer function for A in Bode form. 

(b) Plot the transfer function for B in Bode form. 

(c) Multiply* transfer functions A and B together to 
obtain AB. 

(d) Examine AB. If its magnitude is less than unity 
(zero db) at the frequency for which its phase 
shift is 180 deg, the system is stable (simplified 
criteria) . 

Vary AB by the use of attenuators, amplifiers and 
networks, if necessary, to make the system stable 
by a small margin. 

(f) Plot overall (closed loop) 
system behavior. 

To determine stability, a plot of AB and then of 
A/(1 + AB) is needed. In this case, since B is a con- 
stant, 20, a Bode plot of AB/(1 + AB) can and will be 
used instead of A/(1 + AB) throughout the calculations. 
This change saves several steps. 


response to predict 


*To multiply transfer functions, add gains in decibels at each frequency and 
add phase shifts in degrees at each frequency. To find the reciprocal of a transfer 
function, reverse sign of gain in db and reverse sign of phase angle at each 
frequency. 


18.9 
0(0.79p+!1)} radians 


radians 


13.54 
Pp(0.05p+1)(0.79p +1) 


(b) 


Fig. 55—Two forms of servo expressed in terms of transfer 
functions. 
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Fig. 56—Graphical construction of transfer function 1/p(0.05p 
+1) (0.79p + 1). 


Figure 56 shows a Bode plot of AB for the particular 
case that 270 K = 1. In this case 
1 


An'= p (0.05 p + 1) (0.79 p + 1) 


(82) 
This transfer function is constructed graphically in Fig. 
56 by plotting the gain and phase shift characteristics of 
each of the following: 


l l l 
p ©0.05p+1) ©@.79p+) 





Fig. 57—Determination of closed- 
loop characteristics. 
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Fig. 58—Closed-loop frequency response of problem servo. 
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Fig. 59—Effect of additional network on servo performance. 


and then adding all the magnitudes (or phase shifts) at 
one frequency to determine the total effect. For example, 
point A is the sum of A, + A, + A, and point B is the 
sum of B, + B, + B;. The phase shift and magnitude 
curves for 1/(0.05p + 1), for example, are found in 
Figs. 45 and 46. In this case w, = 20 rad/sec. 

Figure 48 is an overlay to convert AB to AB/(1+-AB). 
The chart of Fig. 44 for converting gain to gain in 
decibels is used at this point. The first step toward deter- 
mining closed-loop response is to plot the total curves of 
Fig. 56 on the overlay of Fig. 48. This step gives curve F 
in Fig. 57. For example, points B and C of Fig. 56 
become point D on Fig. 57. From the overlay the overall 
(closed-loop) frequency response is determined by read- 
ing off values on the overlay grid. Curve F of Fig. 57 
now becomes curve F of Fig. 58, which is the closed-loop 
frequency response of the servo. Point D of Fig. 57 cor- 
responds to point D of Fig. 58. The servo is now known 
to be stable as Fig. 57 shows that the AB gain is below 
0 db when the AB phase shift nears 180 deg. 

The closed-loop response is not wide enough to meet 
the requirement of 14 cps. It is flat only to 1.1 rad/sec 
(14% cps). Also, to be slightly underdamped, the peak in 
the closed-loop response should be about +-3 db. Boost- 
ing amplifier gain by +414 db would cause curve F to 
become curve G in Figs. 57 and 58. This improves the 
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response and meets the damping requirements, but fur- 
ther improvement is possible. Examine curve G of Fig. 57. 
If phase lead is introduced, the curve shifts to the right. 
If this change were made, a gain increase after the change 
would cause the resonant peak to occur at a higher 
frequency. 

The next step is to try a phase-lead network in the 
system. Such a network would be the reciprocal of the 
lag networks shown in Fig. 51. The one selected is shown 
in Fig. 59 and is the reciprocal of the w, — 4ws case. 
The network transfer function is: 


Jes 
0.25p+1 
Figure 59 shows the result of combining the network 
with AB (without the 414 db gain boost of curve G). 
The combination results in curve H of Fig. 57 and if 
+1014 db gain is assumed in the amplifier, curve / 
results and the frequency response of the servo is now 
curve | of Fig. 58. The response is now flat to 5.2 rad/sec. 
The transfer function of the network used to obtain the 
desired servo response is 


p+1 (0.1p+090.1) (105 p + 105) 
eee a eee gt as 83 
(0.25 p + 1) (0 lp+0.4) G0’ p +4 x 105 * ¢ (83) 
The next to last filter of Table III is of this form if the 
factor of four is ignored for the moment. The factor of 
10° is arbitrary and acts to scale up the resistance values. 
Equating terms gives 
R, R, C = 105 
R, +R, =4xX 10 


from which 


R, = 100 k 
R, = 300 k (85) 
Cc 3.30 
The final filter is shown in Fig. 60. 
The amplifier gain was initially assumed to be such 
that 


270 K = lor K = a (86) 
Due to the filter loss, this gain must be boosted by a 
factor of 4 and in addition it must be increased 101% db 


to obtain the final desired response. From Fig. 44, 1014 
db is a gain of 3.2 times, Therefore, 


0.0474 


The design requirements are met with the existing 
motor, a gear ratio of 7, an amplifier gain of 0.0474 and 
the incorporation in the amplifier of the filter of Fig. 60. 


= 
Fig. 60—Design of lead filter network. 
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Fig. 61—Obtaining transient response from frequency response. 


Step Response vs Transfer Function. |‘iere is a 
definite relationship between a servo’s response to a step 
input and the servo’s transfer function since the Laplace 


transform of the unit step response is equal to the transfer 
function divided by p. Exact or nearly exact methods of 
determining the step response from the transfer function 
are rather complex to use. An approximate method was 
discussed in the article “Using Fourier Analysis in De- 
signing,” which appeared in ELECTRICAL MANUFACTURING 
in February 1959. (The applicable section appeared on 
pages 101 and 102.) 

A very coarse transformation that works well for most 
servos is shown in Fig. 61. The frequency response shown 
is drawn with a linear scale instead of a db scale for this 
conversion to simplify the statement of equivalences 
which are: 


1. The transient overshoot, A,, is about 34 of the peak- 
ing, M, in the frequency response curve. A, can not, 
however, exceed 100 per cent. 

The transient rise time, 7p, in seconds is related to 
the bandwidth, f,, in cycles per second by 


on 0.45 
Tr = 


if A, 


10 per cent or more. 


3. The time to reach peak value, 7'p, 
related to the resonant frequency, f,. 
second by 


in seconds is 
in cycles per 
(89) 


4. The ratio of successive undershoots and overshoots 
is approximately 


(90) 


Gin A 
(c) i+AB 


Fig. 62—Reduction of a multiple-loop servo to a single transfer 
function. 


5. The frequency of the ringing oscillation in the tran- 
sient response is approximately equal to the system 
resonant frequency, f,. 

Stability of Multiple-Loop Systems. The stability 
of multiple-loop systems is determined by reducing them 
to single-loop systems and using the Nyquist criterion 
developed previously, except that poles of A may appear 
and cause instability and poles of (1 + AB) may affect 
the interpretations of the Nyquist diagram. The multiple- 
loop system of Fig. 62a can be reduced (by methods dis- 
cussed previously) to the single-loop system of Fig. 62b 
and this in turn forms the overall transfer function 
A/(1 + AB) of Fig. 62c. 

The term A of Fig. 62c must be checked to see if it has 
poles in the right-half plane before the usual stability 
analysis can be performed, for it is not unusual for an 
internal loop to be unstable in a complex system. If A 
has poles, the system is unstable, unless (1 + AB) has 
poles of equal or higher order at the same frequencies. 

Since the Nyquist stability criterion of number of 
encirclements of the (—1) point by the (AB) locus 
indicates the difference between the number of poles and 
zeros of (1+ AB), it is essential that the number of 
poles of (1+ AB) be carefully computed. Note that 
(1 + AB) is actually 


BC 

pe 9 
| + DC (91) 
and is therefore sufficiently complex that the premise of 
no poles in the right-hand p plane cannot be made lightly, 
even if the inner loop is independently stable! OoO0Oo 


Editor’s Note: Part 5 next month will extend the transfer func- 
tion method to form a different approach to servo stability and 
servo response. After publication of the final installment, this 
entire series will be available in combined reprint form. Watch 
for special announcement in these pages. 
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Servo Integrates 
Recorder Data 


IN MANY ENGINEERING and laboratory 
processes, complete analysis of instru- 
ment data recorded on strip charts often 
requires determination of areas under 
curves (particularly under peaks). Pre- 
vious methods of obtaining this infor- 
mation have been time-consuming, sub- 
ject to error, and have often offered 
only an approximate answer. These 
difficulties are eliminated in a new 
Printing Integrator (Fig. 1) which 
automatically produces an instantane- 
ous, printed tabulation of curve in- 
tegrals. 


Essentially, the integrator calculates 
and prints out as a function of time 
the integral of an input shaft rotation. 
It thus has many applications in fields 
where chart-area measurements are sig- 
nificant. The latter include: integration 
of stress-strain curves for determination 
of cyclic and rupture energies, totaliza- 
tion of the amount of material supplied 
to a conveyor belt in continuous process 
weighing, integration of rocket thrust 
in conjunction with transducers to 
obtain propulsion efficiency, and inte- 
gration of the product of radiation- 
count instruments. 

Integrating Method. The basic design 
of the Integrator is that of a standard 
integrating velocity servo* whose block 





Fig. 1 


Printing Integrator made by Perkin-Elmer Corp. is used to obtain area under 


curves made by a standard potentiometer recorder. 





RECORDER 
SHAFT 


Fig. 2—Block diagram of standard-velocity servo which integrates voltage input from 
potentiometer and prints out values representing areas under curves. 
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diagram is shown in Fig. 2. The input 
to the servo is a d-c voltage received 
from a potentiometer mounted on the 
recording instrument. This continuous 
input voltage is proportional to the 
position of the recorder’s pen. The 
error between the input and the servo 
feedback is amplified and used to power 
a servo motor whose output drives the 
printing counter. Feedback for the 
servo is obtained from a tachometer 
generator which is also driven by the 
servo motor. 

The Integrator does not print an 
output value continuously. It can be 
made to print a value either manually, 
by operation of a pushbutton on the 
front of the instrument, or automati- 
cally, by the operation of a “valley 
sensor.” The latter triggers the Inte- 
grator’s printing mechanism each time 
the recorder pen begins an upscale ex- 
cursion. Thus, each successive printing 
indicates the number of revolutions 
made by the servo motor since the 
previous printing and it is this differ- 
ence between counts that is the in- 
tegral, or area, of that particular seg- 
ment of the curve. 

The standard business-machine paper 
tape may be fed through the Integrator 
in either of two ways. A “synchronous” 
rate advances the tape at the same 
linear rate as the recorder chart to 
facilitate identification with correspond- 
ing segments of the curve; and a “step” 
mode of feed moves the tape a fixed 
distance after each printing. 

Operating Features. The Printing In- 
tegrator has a maximum counting rate 
of 6000 counts per min, which corres- 
ponds to 1263 counts per sq in. of 
recorder chart paper moving at the 
normal speed of 1% in. per min. The 
high count rate affords a precision of 
integration six to ten times that of con- 
ventional pip-marking integrators and 
makes it possible to analyze very small 
peaks. 

“Zero and 100 per cent Adjust” con- 
trols are used to set zero and full-scale 
counting rates of the Integrator to coin- 
*See “Automatic Control System Design—3, Fre- 


quency Response and Transfer Functions,’’ Evec- 
TRICAL MANUFACTURING, June 1959, p 129. 
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cide with the recorder pen’s scale. With 
the recorder pen at its zero base line, 
the Zero Adjust knob is rotated until 
a strobe-tach indicating disc on the 
Integrator remains stationary. The same 
procedure is followed for coordination 
of 100 per cent readings. 

The Integrator has a linearity with 
an average cumulative error from zero 
to full scale of 0.2 per cent. Response 
time is 0.1 sec. The instrument is con- 
tained in a case measuring 444 x 17 x 
12 in. O00 


Motor Line Includes 


Sealed Insulation 
System in New Design 


A RECENTLY COMPLETED REDESIGN of 
General Electric’s entire a-c motor line 
consists of basic mechanical innova- 
tions, including a reappraisal of motor 
fundamental external shape, and engi- 
neering application of materials and 
process-research end-products. A seal- 
ed silicone-compound insulation system 
effectively serves to extend the range 
of applications for open motors and 
to provide the means for producing 
tailor-made motors to meet the specific 
varied requirements of the numerous 
particular motor-using industries in 
which operating equipment is exposed 
to arduous environmental and service 
conditions. 

The completely new general line ex- 
hibits a “square look.” This offers bet- 
ter enclosure and considerable saving 
in floor space. Flat end-shields also re- 
sult in motors that are significantly 
shorter than preceding models. The 
new motors reduce mounting area from 
22 to 45 per cent. New bearing design 
incorporates a slinger which virtually 
eliminates leakage along the shaft and 
facilitates service operations. 

For the first time, open random- 
wound motors in the one to 125 hp 
range are sealed with a silicone-rub- 
ber insulation system. As in the case 
of the larger form-wound motors, the 
smaller models will be able to operate 
in wet or corrosive atmospheres with- 
out the use of special sealed enclos- 
ures, although there are definitely still 
motor applications demanding and 
justifying the use of totally enclosed 
motors. In the whole range of new 
motors, the silicone compound is ap- 
plied as a liquid that dries at room 
temperature to form an effective rub- 
ber coating over windings and end 
turns. In earlier attempts to use un- 
supported insulation, 
difficulties were encountered because 
the unsupported insulation did not 
have the mechanical strength needed 


silicone-rubber 
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In this test of the new General Electric silicone-rubber insulation system for motors, 
No. 80 abrasive grit was applied to three types of insulation for 20 minutes under 
40 psi pressure with the test nozzle two inches from the coil surface. Varnished cambric 
(left) and flake-mica insulation were completely cut through to the metal surface, 
while the Polyseal system (right) successfully withstood the test. The new insulation 
is a liquid that is forced through and around motor stator windings at room tempera- 
ture to form an effective seal. The thin, waterproof coating bonds tightly but still 
allows good heat transfer from motor end-turns to ventilating air. At temperatures from 
—40 to +200 C the new insulation maintains excellent flexibility and bonding. It had 
been found that brittle and bulky encapsulations tend to blanket winding end-turns, 
preventing heat transfer and often failing when subjected to wide variations in 


temperature. 


to withstand severe motor operating 
stresses. In the new line, form-wound 
coils are given a consistent buildup 
of supported silicone-rubber tapes. The 
entire coil is vulcanized to bond the 
tapes and to provide a uniform dielec- 
tric wall around the coil. Each layer 
contains Dacron and glass supporting 
fabrics, helping to prevent cut-through 
and fracture of the silicone rubber. 
The supporting fabrics also hold the 
silicone rubber against migration or 
flow. To prevent the entry of contami- 
nants through the critical point where 
the lead emerges from the coil, a putty- 
like silicone-rubber compound _ is 
placed beneath the lead. When the coil 
is vulcanized, this compound seals the 





Among the improvements included in 
the new General Electric square motor 
line are flat, louvered end shields that 
combine with double-end ventilation to 
offer up to 75 per cent increase in airflow. 
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tubing of the lead to the silicone- 
rubber coil coating. 

Tests indicate that the new Polyseal* 
Class B system of supported silicone- 
rubber insulation has voltage endur- 
ance capabilities superior to those of 
typical Class A or Class B systems, 
maintaining its electric strength at a 
virtually constant level over a 10,000- 
hr test at voltages well above pre- 
scribed AIEE test values. 

To provide optimum electrical char- 
acteristics for each custom-designed 
motor, General Electric employs a new 
computer design process. Electrical 
performance requirements are pro- 
grammed on the computer which then 
provides a complete analysis of spe- 
cific design parameters to fill the par- 
ticular needs. OoO0OO 


* Trademark of The General Electric Co. 


Automatic Memory 
Core Tester 


THE EQUIPMENT shown in Fig. 1 is 
designed to measure peak or instan- 
taneous values of core response directly, 
for production testing or laboratory 
analysis of bobbin-type or ferrite mem- 
ory cores. Modular design permits ex- 
pansion or modification of the system for 
changing requirements. The 2040 RE- 
ACT (Rese Engineering Automatic Core 
Tester) operates at test rates up to 10 
cores per sec and uses a unique “fail- 
safe” system approach to ensure that 
“bad” cores are not tested or accepted 
as “good” cores. In this development by 
Rese Engineering, Inc., Philadelphia, 
accuracy of the core-voltage measuring 
circuits is better than 0.5 millivolts 
absolute, to assure precise selection of 
good cores in production testing or in 
incoming or pre-assembly inspection of 
metallic tape-wound cores and miniature 
ferrite cores, as well as in the auto- 
matic analysis of cores and other mag- 
netic bodies in laboratory applications. 

Solid-state circuits are used for logic 
operations, with all transistor circuits 
mounted on etched, plug-in cards of 
glass-epoxy base material. The logic 
elements of the system are the standard 
Rese Series 2010 transistor “Logix 
Blocks” plug-in cards, grouped in 
two plug-in cages for accessibility. 
Vacuum tubes are used in the wide 
dynamic range class-A amplifier, in the 
strobe pulse generators, and in the 
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voltage discriminator module (Fig. 2). 
Front-panel indicators are provided to 
show the state of all flip-flop circuits 
and to indicate the status of each level 
detector. 

The equipment can be set up for 
testing cores on a “go-no-go” basis or 
on a core grading basis. Test standardi- 
zation is continuous through the use of 
an internal reference core, which is 
measured a few hundred microseconds 
prior to the test of each unknown core. 

If reference core fails to test properly, 
test of the unknown core is automat- 
ically considered invalid, and it is 
placed in an indeterminate classifica- 
tion. If an invalid test is indicated (or 
if no core is presented for test) for 15 
consecutive test cycles, the system 
sounds an alarm and shuts itself off. 

In the simplest go-no-go test, peak 
voltage measurements are made of core 
response. The core is accepted if its 
“1” response is greater than a preset 
minimum, and if its “0” response is 
less than a preset maximum (Fig. 3a). 
More information can be _ obtained 
about the core by measuring its re- 
sponse at specific instants of time. This 
is called “strobe” testing. In simplest 
strobe testing (Fig. 3b), the 1 voltage 
response must exceed a minimum value 
at a preset instant of time and the 0 
response must be less than a preset 
maximum. 

Multiple strobe measurements (Fig. 
3c) give additional information, partic- 
ularly about output wave shape. Here 
the 1 response must be greater than 
preset minimums at two specific in- 
stants of time (the two strobe pulses 
occurring near the peak of the wave) 
and less than a preset maximum toward 
the end of the switching interval. This 
last strobe pulse yields an indication of 
switching time. In all cases the strob- 
ing pulse width is 0.1 microsec, and it 
is positionable in discrete 0.05-microsec 
steps. Additional strobe pulses may be 
added as required, including strobe 
interrogation of the 0 voltage if neces- 
sary. 

The testing range for 1’s is 15 milli- 
volts up, with a setting resolution of 
0.1 millivolts for 100 millivolts full 
scale. Testing range for 0’s is 5 milli- 
volts up, with a setting resolution of 
0.05 millivolts for 50 millivolts full 
scale. OOO 








Fig. 1—Model 2040 REACT automatic 


magnetic core tester. 





Fig. 2—Voltage-discriminator module 


showing construction details. 


(c) 


Fig. 3—-Peak voltage testing (a), single strobe testing (b), multiple strobe testing (c). 
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Molded Polyester 
Housing Cuts Size of 
Speed-Sensing 
Switches 


M. W. GRIFFES, Chief Engineer 
Evcuw Execrric & MAanuracturine Co. 
Madison, Ohio 


By USING MOLDED POLYESTER parts, 
Euclid Electric & Manufacturing Co., 
Madison, Ohio, was able to redesign 
and develop two types of speed-respon- 
sive switches for compactness, main- 
tainability, reduced costs and produc- 
tion time. The polyester housings for 
the switches consist of an enclosure 
for the actuator assembly, to which is 
bolted and gasketed the switch housing 
and cover (Fig. 1). If required, the 
speed increaser (installed in a sepa- 
rate housing) is mounted at the front 
end of the actuator assembly. With 
the exception of the switch compart- 
ment and cover, where depth varies to 
accomodate the different combinations 
ef contact arrangements, the same 
housings are used for the actuator 
mechanism and increaser in 
both the centrifugal and fluid-type 
switches. 

The dielectric properties of the 
polyester molding compound made it 
possible to reduce the size of the 
switch compartment by permitting 
spacing of the contacts. The 


speed 


closer 


COVER 









' 


COMPARTMENT 





SWITCH 


ACTUATOR HOUSING 
(USED ALSO FOR 
FLUID SWITCH) 


Fig. 1 


SWITCH COMPARTMENT 
(FLUIO TYPE) 


SPEED INCREASER HOUSING 
USED ALSO FOR FLUID SWITCH) 


Molded reinforced polyester housings for components 
of centrifugal and fluid speed-responsive switches. Housings 


plastics housing minimizes the chance 
of arc-over under humid conditions 
and prevents accidental grounding 
through the case when the switch 
contacts are being set during opera- 
tion. 

Because the housing is its own in- 
sulator, all electrical components can 
be installed directly in the material. 
This eliminates the need for the 
insulating bushings, terminal strips 
and fiber spacers required in the 
cast-iron housing of the old model. As 
shown in Fig. 2, the various mounting 
holes, separators between contacts, 
ribs and bosses molded into the hous- 
ing simplify assembly operations. Ex- 
cept for tapping screw holes, the 
molded housings require no finishing 
operations. The molded parts eliminate 
the need for machining, buffing, finish- 
ing and painting required for the cast- 
iron housings in the old switch. The 
plastics parts are molded by Carl Zehr, 
Inc., Ashtabula, Ohio, from Thermaflow 
glass-reinforced polyester molding 
compound manufactured by Atlas Pow- 
der Co., Wilmington, Del. 


Design Problems 


The two new _ speed-responsive 
switches are: a centrifugal type actu- 
ated by a flyweight mechanism and a 
liquid-filled type actuated by viscous 
forces in the fluid medium during ro- 
tation. Both switches are speed-sensing 
devices which operate a pilot circuit 
when their rotation speed either ex- 
ceeds or falls below a preset rpm. They 
are used for control or safety purposes 
on motor-driven machinery, machine 
tools, conveyor lines, etc. The centri- 
fugal switch (Fig. 3) has an adjustable 
setting range of 70 to 3000 rpm; the 
fluid switch, designed for low speed 


Fig. 2—Polyester 


for actuator and speed increaser assemblies are interchangeable 


for both types of switches. 
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applications, has a setting range of 5 
to 100 rpm. 

The purposes of redesigning the 
centrifugal switch were to widen the 
range of operating speeds, decrease 
size, and develop a standard design 
that could be used with little or no 
modification over a wider variety of 
application and service conditions. One 
major change was to remove the 





Fig. 3—Redesigned centrifugal switch 
with glass-reinforced polyester housing. 





Fig. 4—Old centrifugal switch with actu- 
ator and switch assemblies in same hous- 
ing, necessitating shutting down equip- 
ment to set the contacts. Compartment 
had to be large to permit access to parts 
for maintenance and adjustment. 





switch box for the fluid switch showing 
molded-in spacers, mounting holes and terminal blocks. 
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switch and contact adjustments from 
the compartment containing the fly- 
weight mechanism (Fig. 4) and place 
the switch in a separate compartment. 
A second change was to reduce the size 
of the flyweight mechanism and, at the 
same time, increase its actuation power. 

With the contacts in a_ separate 
compartment (Fig. 5), it is no longer 
necessary to have access to the actu- 
ator compartment. This compartment is 
now completely sealed and all internal 
bearings are permanently lubricated, 
eliminating the need for maintenance 
and protecting the actuator mechanism 
from dust, dirt, and moisture for the 
life of the switch. 

The more efficient flyweight assembly 
and elimination of access requirements 
has resulted in reducing the radial 
distance from the center shaft to the 
housing by about one-third, although 
the overall length remains about the 
same. In the new switch the case is 
3% in. high and 3% in. wide, com- 





Fig. 5—New 
back cover removed. Contacts are ex- 
posed for quick adjustment while switch 
is running. Actuator mechanism is sealed 
in separate compartment. 


centrifugal switch with 


pared with 5% in. for the old model, 
which also required an extra few 
inches of mounting space on both 
sides to permit throwing the spring 
latches and removing the switch cover 
to gain access to the contact assembly. 

OOO 





Resolver Compensating 
Windings Increase 
Inherent Accuracy 


PRECISION SYNCHROS have in recent 
years been used for a wide range of 
servo applications. Some of these appli- 
cations require specialized types of 
windings to meet the needs of particu- 
lar circuits or systems with ever-increas- 
ing accuracy. An example of these 
units for specialized applications is 
the synchro feedback resolver which 
may be used in analog computers to 
multiply the analog signal by the sine 
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Fig. 1—Synchro feedback resolver, basic 
circuit. 
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or cosine of the angle set in on the 
rotor shaft, Fig. 1. This resolver was 
designed primarily to overcome the 
varying input/output phase-shift and 
transformation ratio associated with the 
normal synchro resolver. These varia- 


Apporent 
wind speed 
anemometer 





(Feedback 
amplifier) 


Synchro 






tions may be introduced by changes in 
any one of several factors, each one of 
which is inherently variable with am- 
bient and operating conditions. 

The effect of these factors—input 
voltage, frequency, winding resistance, 
temperature, etc.—-is nullified by the 
introduction of‘a second stator winding 
in each space phase associated with a 
high-gain amplifier in a feedback loop. 
This system detects any deviation in 
flux direction and strength by measur- 
ing the induced emf and varies the 
voltage applied to the main exciter 
winding proportionally. Another func- 
tion of this feedback system is to elimi- 
nate errors of resolution due to /R drop 
in each main winding and to provide a 
cross winding of zero effective imped- 
ance which will also cancel spurious 
quadrature voltages mutually induced 
between the separate stator phase wind- 
ings. In addition to the features already 
noted, the amplifier and feedback loop 
will cancel out the effect of the minute 
imperfections that are inevitable even 
under closely controlled precision man- 
ufacturing conditions. 

Synchro feedback resolvers are 
available in the international Size 15 
standard form with the same external 
dimensions as the normal Size 15 
synchro resolver. A typical application 
of the synchro feedback resolver is 
given by the example of the vectorial 
addition of wind velocities for the de- 
termination of true wind speed and 
direction from a moving vessel, Fig. 2. 

In the arrangement illustrated the 
first feedback resolver has fed into one 
of its stator windings an alternating 
voltage proportional to the apparent 


Ship speed 
tachometer 
generator 







(Feedback 
amplifier ) 





Amplifier 


















Synchro 
feedback 
resolver 






(Feedback 
amplifier ) 






(Feedback i: # 


amplifier) ~! «12 
<—J | ies 
Js 
cK j 
True wind velocity 
Apparent and direction (@) 
wind 
direction 
Fig. 2—Application of the synchro feedback resolver for determination of true wind 


speed and direction on a moving vessel, using the feedback windings to eliminate 
extraneous factors such as ship speed. This diagram is based on a proposed system 
for a mean wind-velocity indicator first published as a paper by J. Bell and E. M. 
Langham in the Proceedings of the Institution of Electrical Engineers (London), 
Vol. 98, Part 2, No. 64. 
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RED /LINE Thermal 


Timing Relays are 
available in your area 
through these local 
selected distributors: 


NEW ENGLAND 


Cambridge, Mass. 
ELECTRICAL SUPPLY 
CORP. 

UN 4-6300 


NEW YORK STATE 


Rochester, N.Y. 
ROCHESTER RADIO 
CO., INC. 

LO 2-9900 


METROPOLITAN 
NEW YORK 


New York, WN. Y. 
HARVEY RADIO CO., 


INC. 

JUdson 2-1500 
New York, WN. Y. 
HUDSON RADIO & 
TV CORP. 
TRafalgar 3-2900 


MIDDLE ATLANTIC 


Camden, WN. J. 
GENERAL RADIO 
SUPPLY CO. 
WAlnut 2-7037 
Baltimore, Md. 
KANN-ELLERT 
ELECTRONICS CO., 
INC. 

SA 71-4242 
Winston Salem, 
N.C. 
DALTON-HEGE RADIO 
SUPPLY, INC. 
Winston 

Salem 5-8711 


SOUTHERN AREA 


Miami, Florida 
EAST COAST RADIO 
& TV CO., INC. 
FR 1-4636 
Birmingham, Ala. 
M. G. ELECTRICAL 
EQUIPMENT CO. 
FA 2-5170 


OHIO 


Akron, Ohio 
AKRON ELECTRIC 
SUPPLY, INC. 
BO 2-8818 


MICHIGAN 


Battle Creek, Mich. 
ELECTRONIC SUPPLY 


CORP. 
WOodward 2-9514 


GREATER CHICAGO 


Milwaukee, Wisconsin 
ELECTRONIC 
EXPEDITORS 

Flagstone 2-2070 


Chicago, Illinois 
NEWARK ELECTRIC CO. 
STate 2-2944 

W. Chicago, Ill. 


Relay Sales 
WEst Chicago 1100 


ST. LOUIS 


St. Louis, Mo. 
INTERSTATE 
SUPPLY CO. 
FL 1-7585 


KANSAS CITY 


Kansas City, Mo. 
BURSTEIN- 
APPLEBEE CO. 
BAltimore 1-1155 


TEXAS 


Dallas, Texas 
ENGINEERING 
SUPPLY CO. 
Fleetwood 7-6121 


SOUTHERN 
CALIFORNIA 

Los Angeles 
California 
KIERULFF 
ELECTRONICS, INC. 
ZEnith 7-0271 

Los Angeles, 
California 

RADIO PRODUCT 
SALES 

Richmond 9-7471 
Glendale, California 
R. V. WEATHERFORD 
CO. 


THornwall 5.3551 
Victoria 9-2471 


NORTHERN 
CALIFORNIA 
Oakland, California 


ELMAR ELECTRONICS 
HI 4-7011 


PACIFIC NORTHWEST 


Seattle, Wash. 
WESTERN ELECTRONIC 
SUPPLY CO. 

ATwater 4-0200 


Dependability 


previously available 


low-cost thermgé ! 


only in j 
high-cost relays... 


G-V 
RED/LIN 


timing relays 


The sound design, sturdy construction and reliable operation long 
associated with G-V Hermetically Sealed Thermal Relays is available 
in a low-cost form, fully qualified for industrial control . . . light 
and inexpensive enough for electronic and communications circuits. 


Delays of 2 seconds to 3 minutes e Energizing voltages - 6.3 to 230 
AC or DC. 


Write for Publication 131. 





RUGGED STAINLESS STEEL MECHANISM 

Relay mechanism is of stainless steel, differential expansion type, 
used in all G-V Thermal Relays. All parts are welded into a single 
integral structure. 

SHATTERPROOF—NO GLASS 

No glass is used in mechanism, encasing shell, or base. This 
avoids the danger of cracking or breakage in handling and use. 
STEEL ENCASED HEATERS 

Heating elements are conservatively designed, wound with Ni- 
chrome wire on mica and encased in stainless steel, insuring long 
heater life even when energized continuously. 

DUST TIGHT ENCLOSURE 

A dust tight metal shell completely enclosing the relay mechanism 
and contacts, crimped tightly to the base, provides complete 
protection for the structure. 

TAMPER PROOF 

Time delay intervals are preset at the factory. Thus changes of 
delay interval in the field which might damage associated equip- 
ment are avoided. 

DIRECTLY INTERCHANGEABLE 


Directly interchangeable with all other octal-size relays. 
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G-V CONTROLS INC. 


LIVINGSTON, NEW JERSEY 


U. S. PAT. 2,700,084 OTHER U.S. & FOREIGN PATENTS PENDING 
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wind velocity as sensed by the ship's 
anemometer, while the rotor angle is set 
wind direction. The 
rotor output voltages of this resolver 
are therefore proportional to the mag- 
nitude and direction of the fore and aft 
and athwartships vectors of the appar- 
ent wind direction. To the output rep- 
resenting the fore and aft vectors is 
added an alternating voltage propor- 


to the apparent 


tional to the ship’s speed derived from 
a suitable generator, the sum of these 
two being fed to one winding of the 
second feedback resolver. The output 
representing the athwartships vector is 
fed directly to the other stator winding 
of the second resolver, the rotor of 
which is servo-driven to a zero balance 
on one winding. The true wind direc- 
tion is thus given by the angular dis- 
placement of the rotor, while the re- 
sultant voltage represents the true wind 
speed. 

As part of their extensive range of 
precision synchros for the fields of in- 


strumentation, process and other con- 
trol systems, computing devices, etc., 
the Sperry Gyroscope Company Lim- 
ited, Great West Road, Brentford, Mid- 
dlesex, England, has developed a Size 
15 synchro feedback resolver with the 
following characteristics: 

Phase quadrature +3 min 

Sine voltage accuracy 0.2 per cent 

Phase shift 0 deg 

Transformation ratio 

variation (max) 0.5 per cent 

These meet the very close tolerances 
normally encountered under present- 
day conditions. Oooo 





Large Eddy-Current 
Permanent Magnet 
Torque Devices 


SMALL EDDY-CURRENT permanent-magnet 
brakes, such as watthour meter damp- 
ing magnets, have a practically linear 
torque-speed relation. But with larger 
devices, reaction of the induced-current 
field shifts the eddy-current paths in 
the direction of movement and, accord- 
ing to K. Tendelee of Philips Metal- 
lurgical Lab, Eindhoven, Netherlands, 
the force between eddy currents and 
magnetic poles reaches maximum at a 
critical speed and then decreases asymp- 
totically to zero at infinite speed, where 
dissipated power reaches maximum. 
Possible applications for this torque- 
limiting phenomenon are: (1) as re- 
tarders on the transmission shafts of 
heavy trucks for mountainous regions 
and (2) as flexible couplings, designed 
for very low critical speeds, that permit 
with 
low speed difference and low energy 


transmission of a given torque 
loss in the undercritical region, while 
slipping with decreasing torque in the 
overcritical region. 

In theory, the force maximum and its 
critical speed are: 


F, 3 \ dBinax 


V. dp + (r/d)?] 


td,r 
for eddy-current plate width A, thick- 
ness d,, resistivity p, pole pitch 7, 
opposite-pole spacing d, and magnetic 
induction amplitude B,,,,- Values so 
determined are low compared to actual 
measurements, but the effect of chang- 
ing A, d,, p, r, or B,,,, can be predicted 
for a given design by the above. 
Construction and performance of two 
experimental brakes are shown in the 
diagram. For air-cooled model A_ the 
shift of curve A, to A, occurs from 
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Type A 
20 poles 





Type B 
16 poles 




















Construction 


Air-cooled, p-m stator 
static air-gap flux 
2.1 X 10° maxwells 






Water-cooled, p-m rotor 
static air-gap flux 
6.4 X 10° maxwells 


*Water inlet and outlet temperatures 


Torque 
500 im 


——— Power 


400 
2 
= 300 
a 
S 
3 
- 200 


100 


0 500 


Air-gap 
length, in. 

















Drum 
temperature 


Copper 
thickness, in. 








59-140 F* 


kilowatts 


Power, 


1000 1500 


Speed, rpm 


Construction and performance of two large eddy-current permanent-magnet brake/ 
coupling designs. Pole pieces of type B reduce demagnetizing factors at pole tips and 


permit shorter air gap. (Source: 


Netherlands.) 


Philips 


Metallurgical Laboratories, Eindhoven, 
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Leading manufacturers” of office machines, vending machines, industrial controls 
and other mechanical and electrical apparatus have chosen Merkle-Korff because of: 


a 
. FF 
SG-25—Torque range 1.2 to 
30 in. Ibs. at 300 to 1 RPM. 
Durable, best suited for con- 
tinuous lengthy duty. Availa- 
ble in any mounting position. 
Horizontal mounting shown. 


Quality, guaranteed by precision-hobbed, heat-treated gears 


with tolerances in the order of ten-thayusandths of an inch. 


Value, reflecting manufacturing techniques and design principles 


Adaptability, the result of variable assembly of standard components 


“Names on request. 


Model 300, Auxiliary— Torque 
range 25 to 300 in. Ibs. at 10 to 
% RPM. Extra heavy gearing 
with great compactness. 


Tandem Reversible—A dou- 
ble stator, 3-lead motor. Has 
greater torque than wound 
shading coil reversing type. 





Synchronous Motor—Recom- 
mended for use with SG-15 gear 
case which provides widest range 
of speeds. For instruments re- 
quiring clock time. 





SG-15—Torque range .4 to 
15 in. Ibs. at 800 to 1 RPM. 
Widest range of shaft speeds 
with maximum initialeconomy. 
Available in any mounting po- 
sition; vertical base type 
shown. 





SG-10—Torque range .6 to 
10 in Ibs. at 600 to 1 RPM. 
Compact, overcomes space 
limitations. Gives long, trou- 
ble-free service. Horizontal or 
vertical mounting surface. 


Closed Model, Auxiliary— 
Torque range 25 to 150 in. Ibs. 
at 10 to % RPM. Heavy en- 
closed gears for applications 
which require minimum atten- 
tion. 


Open Model, Auxiliary — 
Torque range 25 to 100 in. ibs. 
at 10 to 24% RPM. Especially 
suited for use where substan- 
tial torque at low speeds and 
moderate cost are essential. 


Wound Shading Coil Revers- 
ible—For specialized control 
problems in instrumentation 
requiring less torque than tan- 
dem reversible models. 


Series or Shunt Wound Motor 
—Series universal wound, 
brush type for use on AC or 
DC, or shunt wound DC only. 


Turntable Model 600—Offers dis- 
play manufacturers wide anima- 
tion possibilities, secondary mo- 
tion. Capacities to 500 Ibs. for sur- 
face mounting; 30 Ibs. for sus- 
pended mounting; 50 Ibs. for ver- 
tical disc display. 


Transmission Units, Models 
PF950 & PF975—High efficiency 
gear reducers. Lowest cost. 
Standardized design. 222-1 gear 
ratio. Input 1725 RPM, output 8 
RPM. 4% & % HP input and 150 & 








225 ft. ibs. torque output. 





Listed torques and speeds are only suggestive of 


eteah wants tn hamnlabeah: Form No. 5—General condensed eight page catalog on FHP geared motors 


and auxiliaries, showing dimensions and performance. 













Bulletin No. 1325—Distributors’ stock unit. Complete data on popular Model 
SG-15. Induction and synchronous motors. Distributed nationally. 


Bulletin No. 2050—Twenty-four page catalog illustrating ‘20 Ways to Build 
Display Action" with Merkle-Korff Motiondiser turntables. 


Bulletin No. 2025—Data on six popular Merkle-Korff Motiondiser turntables 
showing various capacities and mounting positions. 


Representatives in Principal Cities 


MERKLE-KORFF cear company 


211 NORTH MORGAN STREET + CHICAGO 7, ILLINOIS 
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two different effects. After a cold start 
the copper heats rapidly, its resis- 
tivity increases, and V, shifts to a 
higher speed. Then, as heat is trans- 
mitted to the outer iron drum, the 
drum dilates to increase the air gap, 
thereby reducing B and F,. Thus, as 
temperature rises, brake action fades 
at low speeds but is strengthened at 
higher speeds, Oooo 


Comparative Factors of 
Xenon Thyratrons 


J. H. BURNETT 
ELectrons, INCORPORATED 
Newark, N. J. 


CONTINUOUS, INTENSIVE RESEARCH and 
development on the xenon-filled thyra- 
tron, together with an improved under- 
standing of its rating, have brought 
such devices to a high level of reliabil- 
ity. Outlined here are some of the 
practical facts regarding xenon thyra- 
trons to which an equipment designer 
usually gives consideration when mak- 
ing his choice of power control com- 
ponents: power range; overall unit size, 
weight, efficiency and cost per kilowatt 
of power controlled; speed of response 
(power gain per cycle) ; and, of course, 
the dominant consideration of unit 
reliability. 

In defining the useful output power 
range of thyratrons, the significance of 
their ratings should be understood. 
Xenon thyratron current and voltage 
ratings make adequate component pro- 
tection inexpensive and reliable. These 
thyratrons are given ratings which 
recognize that short-duration voltage 
transients on industrial electric distribu- 
tion systems may be as high as two or 
three times nominal, so protective filter- 
ing or clamping circuits (which in- 
crease the number of components and 
size of unit and decrease unit reli- 
ability) are not required. These ratings 
also take cognizance of the inevitable 
accidental short circuits as well as the 
occasional overloads in service; hence, 
special one-cycle interrupting protec- 
tive devices are not required. 

The high ratio of the continuously 
recurring peak current ratings to the 
continuous d-c average current ratings 
(usually 12:1) and the high voltage 
ratings make practical the application 
of xenon thyratrons for otherwise un- 
attainable fast-forcing of electromag- 
netic loads from logic units or tape 
control (such as solenoids, clutches or 
brakes), reversing power servo motors 
and rapid changes in acceleration or 
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Standardized Printed-Circuit Board 
for Experimental Equipment 


C. D. WOLFE, Associate Engineer, Military Products Division 
INTERNATIONAL Business MACHINES Corp., Owego, New York 





The need for numerous and diversified test circuits in a guidance system designed by 
IBM inspired the idea of using printed lands instead of terminals for the mounting 
and wiring of electrical components to a board. A land pattern compatible with system 
logic design was established, providing a multi-purpose board having many advantages 
in economy and use. The adoption of standard logic configurations, for instance, pro- 
vides circuits which are easily identified for testing and maintenance. The grid pattern 
is adaptable to any size board. 





Various kinds of components, such as cores, potentiometers, transformers and transis- 
tors, are readily mounted on a standard-grid printed board. Wiring and components 
can be mounted on the same side of a board, which allows for dip soldering and 
sandwiching of boards, or interconnections can be placed on the reverse side. The use 
of standard-pattern boards for experimental circuits provides a means of testing logic 
combinations before expensive special printed-wiring boards are fabricated, eliminat- 
ing separate artwork for individual boards and reducing the number of assembly 
drawings required. Component and circuit addition and replacement is facilitated by 


the use of the standard board. O00 





deceleration of motors. The useful 
continuous output power range of xenon 
thyratron units falls between 25 watts 
and 30 kw, and the continuous recur- 
ring peak power may be much higher. 
No derating of controlled d-c current 


14 cu ft/kw at the 3-kw level. No heat 
sinks or radiators are required. For 
600-volt units to control 20-kw continu- 
ous a-c power loads, the size drops to 
approximately 440 cu ft/kw. 

The figures of merit for weight of the 


is required when these thyratrons are 
operated at large grid phase-retard 
angles. Stated another way, the permis- 
sible rms current rating increases with 
increase of retard angle. 

A typical figure of merit for overall 
size of a complete reversing xenon 
thyratron servo amplifier unit, includ- 
ing protective device, is approximately 


3-kw reversing thyratron servo amplifier 
unit are 10-40 lb/kw, depending on 
whether an anode transformer is used, 
but for 600-volt units to control 20-kw 
continuous a-c power loads, the weight 
drops to approximately 2 lb/kw. 
Efficiency of these units increases 
with operating voltage and exceeds 90 
per cent at output voltages above 200. 
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New 
standards 

in 
high-volume 
production... 


by 
Bulova 


High-volume production techniques... perfected by Bulova to maintain their 
leading competitive position in consumer markets... assure repeatability and 
reliability of industrial and defense products. 


To date, Bulova has manufactured more than 4,000,000 arming devices. Although 


reliability was crucial, only approved sampling techniques were required for 
inspection. 


Experience in precision design and precision manufacture is the Bulova tradition, 
the Bulova capability. It has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Overall unit direct material cost at the 
3-kw level is approximately $75/kw, 
but drops to approximately $10/kw at 
the 20-kw level for 600-volt a-c power- 
control units. 

Xenon thyratron control units have 
response speeds which, from a stand- 
point of practical usefulness, are un- 
limited by the thyratron itself, since 
turn-on time is in the order of a very 
few microseconds and turn-off time is 
a function of the stored energy in the 
load and of the power-supply frequency. 
Since the required driving power for 
xenon thyratrons is a few microamperes 
over a change of only a few volts, the 
power gain per cycle in a single-stage 
amplifier may be enormous; i.e., over 
100 million. 

Substantial progress in improved re- 
liability, greater ability to withstand 
rugged mechanical abuse, and size re- 
duction with 


improved efficiency is 


continually being made in fast-heating 
(less than a minute) xenon thyratrons. 
One installation of high-speed solenoid 
servo controls is powered by more than 
100 one-amp thyratrons which are re- 
ported to be in service over 90,000 hr 
without a failure. Six-ampere thyratrons 
manufactured in 1949 are reported to 
have outlasted the life of the motor- 
generator equipment they controlled, 
and then still passed all tests for new 
thyratrons of that type: Eighteen-ampere 
xenon thyratrons since 1953 have con- 
trolled, through eddy-current couplings 
and motor generators, all motions of 
some of the largest electric excavators 
made and are today the standard means 
of control. 

Xenon thyratrons are unaffected by 
the wide range of ambient temperatures 
encountered in industrial and military 
service. They are unaffected by mount- 
ing position and they have infinite shelf 
life. Certain lug-connected types carry 
two-year warranties, twice 
that offered for most industrial equip- 
O00 


operation 


ment, such as electric motors. 





New Casting Process for Miniature Parts 


4 NEW PRECISION FORMING process, 


known as the Minicast process, has for 





Investment casting of part used in a 
micro-switch assembly. Material is 303 
stainless steel. Shaft diameter is held to 
+0.002 in. 





Yoke shown is an electrical relay sys- 
tem component cast in beryllium cop- 
per. Tool legs are held with a total var- 
iation and tolerance of only 0.005 in. 
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the first time successfully combined the 
basic advantages of the investment cast- 
ing process with those of such other 
precision methods as coining and cold 
forming. 

This process, used by Casting En- 
gineers, Inc., Chicago, IIl., competes 
with screw-machine production, die- 
casting, and cold-heading methods. It 
is used in the production of miniature 
parts less than one cubic inch in size. 

These parts are first formed as invest- 
ment castings. However, in nearly every 
case, such castings are merely precision 
shapes which are subsequently finished 
by coining. cold heading, or similar 
procedures. 

Minicast parts can be produced 25 
times faster than the usual investment 
castings. In the original production 
of the miniature investment castings, 
plastic patterns are used in lieu of wax 
since they lend themselves to high pro- 
duction output with greater dimensional 
stability and uniformity. 

Cost savings are most often related 
to the elimination of secondary opera- 
tions normally required on screw ma- 
chine parts, cold-formed 
castings, etc. Since the basic shape is 


parts, die 


produced by investment casting, a num- 
ber of previous components can be 
combined into a single part, thus elimi- 
nating the production of several parts 
and the need for joining them. 

As-cast tolerances on Minicast parts 
are normally held to +0.005 in. per in., 


with some dimensions being held to 
+0.001 in. 

Parts of extreme complexity can be 
readily produced. The smallest cross- 
section produced in commercial appli- 
cations to date is 0.032 in. thick, but 
parts as thin as 0.020 in. have been 
produced experimentally. 

As with basic investment castings, the 
Minicast process is particularly adapt- 
able to difficult-to-machine materials 
since the close tolerances obtained re- 
duce or eliminate machining require- 
ments. Usable materials include high 
alloy steels, tool steels, and stainless 
steels. Low alloy steels can also be 
used. Of the non-ferrous metals, only 
magnesium alloys and the high zinc- 
copper alloys are not suitable. 

Conversion to a Minicast part (where 
this part was previously produced by 
screw machine, die casting, stamping, 
etc.) does not normally require any 
basic redesign in the part. However, 
redesign may be indicated where it is 
desirable to take advantage of certain 
design features not possible with the 
previous production method. Approxi- 
mately 75 per cent of the parts now 
being produced by the Minicast process 
are being produced from the same blue- 
prints used when the previous precision 
forming method was employed. O O O 


Plug-In Ignitron 
Tube Carrier 


Replacement of a conventionally in- 
stalled ignitron tube is generally a half- 
hour job. To reduce down-time for 
maintenance, the Robotron Corp. of 
Detroit is now building resistance 
welders with Ignitrons mounted on 
aluminum-bus carriers that plug into 
copper fuse clips. Male connectors are 
heavy strap, bolted to the 
aluminum bus and using commercially 
available special-alloy washers. Water 
supply is turned on or off at the car- 
rier. Only the ignitor leads and thermal 
switch assembly require connecting 


copper 


after the carrier is plugged in. Re- 
placement of Ignitron-carrier assembly 
OOO 


takes less than a minute. 
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COMPANY 
NEWPORT, KENTUCKY 


A SUBSIDIARY OF [REME| company 


Hot Rolled Steel in Coil « Hot Rolled Pickled Steel in Coil « Hot Rolled Sheets « Hot Rolled Pickled Sheets « Cold Rolled Steel in Coil (full hard only) 
© Cold Rolled Sheets « Alloy Sheets and Plates « Plates (%6” and lighter) * Electrical Sheets « Electric Weld Line Pipe « Spiral Welded Pipe 
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| NEMA Motor and Generator 


WEST VIRGINIA 
PRESSBOARD 
INSULATION 


FULL LINE E tow cost 
Better Dielectric Quality 
No Metallic Particles... 
100% Virgin Kraft Stock 

Wide Choice of Thicknesses 

Uniform Quality 


PRESSITE 

For Air... Oil... Askarel Trans- 
formers. An absorbent, unsized board 
of 100% virgin kraft stock free of 
metallic particles. Excellent dielec- 
tric, physical and chemical properties. 
Thicknesses: .031’’ to .250”. Color: 
natural kraft. 


ELECTRITE 


Harder Board for Variety of Punch-— 


ings. A high grade board treated with 
natural rosin size for moisture resist- 
ance. High tensile strength. Punches 
clean. Thicknesses: .031’’ to .250’’. 
Two colors: brown and black. 


DENSITE 


Extremely Hard Board . . . Sized or 
Unsized. Used by many manufac- 
turers to replace more costly types of 
insulation. Thicknesses: .031’’ to 
.125’’. Color: natural kraft. 


Write: Board Products Sales, West 
Virginia Pulp and Paper Company, 
230 Park Ave., New York 17, N. Y. 


West Virginia 
Pulp and Paper 
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| tion to be 
| at Pocono Manor, Pa. Title, 
| with 100-word 
| submitted to W. McMahon, Bell Tele- 
| phone Laboratories, Murray Hill, N. J., 


Association Activities 


Section Chooses New Chairman 


R. G. Liebmann, commercial manager, 
U.S. Electrical Motors, Inc., Milford, 
Conn., has been elected chairman of 
the Motor and Generator Section of 
the National Electrical Manufacturers 
Association. Mr. Liebmann succeeds 
W. H. Kingsley, who resigned recently 
as sales manager of the Electrical 
Division of Fairbanks, Morse & Co., 
Freeport, Ill. Other officers of the 
section remain unchanged from the 
positions to which they were elected 
last November: 

Chairman, General Engineering Com- 
M. S. Hancock, assistant man- 
ager, Motor Engineering Dept., West- 
inghouse Electric Corp. 

Vice Chairmen, General Engineering 
Committee—C. W. Falls, senior engi- 
neer, Motor and Generator Industry 
Standards, General Electric Co.; and 
F. M. Winterhalter, chief engineer. 
Electrical Dept.. Norwood Works. 
Allis-Chalmers Mfg. Co. 

Chairman, Advisory Committee — 
O. F. Vea, manager, Medium A. C. 
Motor and Generator Dept., General 
Electric Co. 


IRE Instrumentation Conference 
Papers Sought 

Two-hundred-word abstracts of papers 
to be presented at the November 9- 
11, 1959, IRE Instrumentation Con- 
ference in Atlanta should be received 


| not later than July 15. Subjects should 


deal with problems of measurements 
and instrumentation, including nuclear 
instrumentation, reliability, data gath- 
ering and display, new applications 
and environment problems, techniques 
for high precision measurements and 
techniques for precise measurements 
in the field. 

Abstracts should be sent to W. B. 
Jones, Jr., Technical Program Chair- 


| man, School of Electrical Engineering, 


Georgia Institute of Technology, At- 


lanta 13, Ga. 


| Electrical Insulation Conference 


Papers Sought 

Technical papers are being sought for 
the Conference on Electrical Insula- 
held October 26-28, 1959, 
together 


should be 


abstract, 


not later than August 1. A summary 
of 2'to 4 pages, which may include 
figures, is to be submitted at the time 
of the meeting. These summaries will 
be printed in the Annual Report of 
the Conference. 

It is planned to hold round table 
discussions again this year. To aid the 
committee in selecting subjects of in- 
terest, please submit topics for discus- 


sion to Mr. McMahon. 


Computer Conference Papers 
Sought 


Papers will be accepted on any phase 
of computing for the 1959 Eastern 
Joint Computer Conference. The con- 
ference will be held December 1, 2 
and 3, 1959, in Boston, Mass. Persons 
wishing to present papers should sub- 
mit four copies of a 100-word abstract 
and a 1000-word summary by August 
15, 1959. 

Present single- 
papers. will 
be limited to a presentation time of 
20 minutes followed by a brief dis- 
Papers of exceptional 
interest may be allowed a longer pe- 
riod of time for presentation, provided 
written request by the author is made 
at the time the abstract and summary 
are submitted. Abstracts should be suit- 
able for inclusion in the program of 
the conference. 

Summaries should be — submitted 
which describe the author’s work in 
order to assist in selecting papers of 
greatest merit. Write to: J. H. Felker, 
Chairman, Room 5C-101, EJCC Pro- 
gram Committee, Bell Telephone Lab- 


oratories, Mountain Ave., Murray Hill, 
N. J. 


plans call for a 


session conference, and 


cussion period. 


Papers on Magnetism and 
Magnetic Materials Sought 
by AIEE 


Titles and 200- to 500-word abstracts 
of papers to be presented at the Fifth 
Annual Conference on Magnetism and 
Magnetic Materials must be received 
in duplicate by August 25, 1959, by 
J. E. Goldman, Chairman, Program 
Committee, Scientific Laboratory, Ford 
Motor Co., Box 2053, Dearborn, Mich. 

The Annual Conference will be held 
in Detroit November 16-19, 1959, 
under the auspices of the AIEE in 
cooperation with the Office of Naval 
Research, the American Physical Soci- 
ety, the IRE and the Metallurgical 
Society of the AIME. 


Papers are being solicited in the 
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27,000 CANNON PLUG DESIGNS 


FOR EVERY CONCEIVABLE APPLICATION 


AIRCRAFT AND ELECTRONIC INSTRUMENTATIONS—MS, MS-A, MS-B, MS-E, 
MS-R SERIES, conforming to Specification MIL-C-5015D. Vibration-proof—Lightweight—Plugs 
are available with from 1 to 100 contacts. 15 different insert diameters and 260 contact layouts. 
6 shell styles, MS 3100 to MS 3108 with all accessories. Environmental-Resisting MS-E and MS-R 
Series have interfacial sealing at mating faces and integral grommet seal at wire entry plus— 
grounding lugs and integral cable clamp. 


GENERAL CIRCUITRY AND QUICK DISCONNECT—K, RK SERIES, with special acme 
thread. The all-purpose series with eight insert diameters available. Conduit and cable clamp 
entry types. 1 to 110 contacts. 10, 15, 30, 40, 60, 80, 115 and 200 amp. silver plated contacts. High 
quality phenolic, melamine, and formica insulators. Cadmium-plated aluminum alloy shells. 


UNIT-PLUG-IN RACK/PANEL-DP, DPB, DPD, DPD2, DPD2R, DPJ, DPS SERIES, 
available with from 2 to 180 contacts in rectangular inserts. With and without shells; coaxial and 
high voltage contacts. Permit quick disconnect, interchange, replacement, testing, and inspection 
of assemblies and sub-assemblies. 


AUDIO AND LOW-LEVEL CIRCUITS—P, XLR, XK, O, UA, BRS SERIES, jn many shell 
styles and insert layouts. Straight and 90° angles. Latch-lock types. Wall-mounting, panel, locknut 


1 


mounting, and adapter receptacles, single and two-gang. 10 and 30 amp. contacts, coaxials. 


MINIATURE AND SUB-MINIATURE—D, US, DPA, DPX, AND K-MINIATURE SERIES, 
designed for amplifiers, miniature indicators, computer circuits, telemetering equipment, and 
general instrumentation of limited space requirements. Variety of shell styles, junction shells, and 
insert arrangements. Available with from 2 to 50 contacts, plus coaxials. 


COAXIAL RF SERIES—available in a wide range of Series and types from sub-miniature to 
large cable applications. New Cannon adapters available for use with latest cable developments. 
Cannon's latest RF Plugs include aluminum versions designed for use where weight-saving is a 
critical design criteria. 


GM AND PLUG HARNESS SYSTEMS—Cannon produces a wide range of GM Plugs to fit 
specific missile applications, ranging from straight umbilic s-connects to stage-separation 
dis-connects. Cannon also produces Plug Harness Systems featuring MS or other specified plugs 
and cables as one unit, available with various contact types and sizes. From 8 to 140 contacts. 
Highest quality and proven reliability. Varied remote di nnect methods actuated by hydraulic, 
pneumatic, explosive, or manual means. 


The Cannon Electric Company also has available a wide variety of plugs for Battery-Power, Fire- 
wall, Watertight, Printed Circuit, and other applications, as well as ‘‘Kwik-Term" Terminals and 
DC Solenoids. 

FOR ADDITIONAL INFORMATION on the typical designs illustrated... other configurations for 
your specific applications ...or the design, engineering and manufacture to your special needs 
... write to Cannon Electric Company—3208 Humboldt Street, Los Angeles 31, California. Please 


refer to Dept. 5 , a 
LARGEST FACILITY IN THE WORLD FOR PLUG RESEARCH - DEVELOPMENT - MANUFACTURE Im MEXICO 


Factories in Los Angeles, Santa Ana, Salem, Toronto, London, Paris, Melbourne, and Tokyo. Distributors and Representatives in the Principal Cities of the World 
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S TIMES 


MORE HEAT 
with 
VULCAN 


“THUNDERBOLT” 


Vulcan's Car- 
tridge much 
heat as a conventional cartridge 


five times its size. You get ratings as 


“Thunderbolt” 
Heater delivers as 


high as 40 to 200 watts per square 
inch of radiating surface. Special 
construction locates insulated re- 
sistance wire close to sheath. Tem- 
peratures are dissipated rapidly 
through high temperature alloy 
sheath without detriment to unit 
life. 

Variety of lengths are available 
from 114” to 10” in 34”, 15” or 54” 
diameters. Standard length of lead 
wires is 10”. 

For more heat in less space, solve 
your hot problems with Vulcan 
Versatility in ‘‘Thunderbolt”’ Car- 
tridge Heaters. Send coupon for 
technical literature. 


ELECTRIC 
COMPANY 


Danvers, Mass. 


VULCAN ELECTRIC CO., Danvers 2 Mass 


Please send me literature and price information 
on Vulcan Thunderbolt Heaters. 


Name & Title 
Company 


Street & No 
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August 17—Ist National Ultrasonics 
Symposium, sponsored by IRE, San 
Francisco. 


August 18-21 
Palace, San 


WESCON, Cow 


Francisco. 


August 23-26 —AIEE 6th Electrical 
Conference of the Petroleum In- 
dustry, Wilton Hotel, Long Beach, 
Calif. 

Sept. 2-4—Cryogenic Engineering 
Conference, University of Califor- 
nia, Berkeley, Calif. 


Sept. 17-18 — IRE Engineering 
Writing and Speech Symposium, 
Boston, Mass., and Washington, 
D. C., simultaneously. 


Sept. 20-25—Instrument Society of 
America, annual conference and ex- 
hibit, Chicago amphitheater, Chi- 
cago. 


Sept. 21-22 


Society, 


Standards Engineers 
annual meeting, Hotel 
Somerset, Boston, Mass. 


Sept. 23-25-—-Special Technical 
Conference on Non-Linear Mag- 
netics and Magnetic Amplifiers 
(sponsored by IRE and AIEE), 


Shoreham Hotel, Washington, D. C. 


Sept. 28-30—IRE National Sym- 


posium on telemetering, Civic Audi- 


fields of basic theoretical and experi- 
mental investigation, potential engi- 
neering applications, and apparatus 
|and techniques which utilize recent 
advances in magnetism. 


Electronics 1959 Medal of 
Honor Awarded 


| The electronic industry’s 1959 Medal 
|of Honor was presented to Frederick 
|R. Lack, retired vice president of 
Western Electric Co., at a dinner high- 
| lighting the 35th national convention 
of the Electronic Industries Associa- 
|tion May 21 at the Sheraton Towers 
in Chicago. The presentation was 
made by EIA president David R. Hull. 

The °59 Medal of Honor marks the 
eighth such “Electronics Man of the 
| Year” award by EIA to an industry 
|leader. As a vice president of the 
Radio Division, Mr. Lack directed the 
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Calendar of Meetings 
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SEPTEMBER 


torium and Whitcomb Hotel, San 


Francisco. 


Sept. 30-Oct. 1—Industrial Elec- 
tronics Symposium (sponsored by 
IRE and AIEE), Mellon Institute, 


Pittsburgh, Pa. 


Oct. 5-7-——-5th Aeronautical 
munications Symposium (sponsored 


by IRE), Hotel Utica, Utica, N. Y. 


Com- 


Oct. 7-9—IRE Canadian Conven- 


tion, Toronto, Canada. 


Oct. 12-14—15th National Elec- 
tronics Conference, Hotel Sherman, 
Chicago. 


Oct. 26-28—Annual Meeting of the 
Conference on Electrical Insulation, 
Pocono Manor Inn, Pocono Manor, 
Pa. 


Oct. 26-28-—-East Coast Aeronau- 
tical & Navigation Electronics Con- 
ference (sponsored by IRE), Balti- 
more, Md. 


Oct. 29-31-1959 Electron Devices 
Meeting (sponsored by IRE), Shore- 
ham Hotel, Washington, D. C. 


Oct. 30-Nov. 1 
of Refrigerating 
Annual Meeting, Traymore 
Atlantic City, N. J. 


American Society 
Semi- 


Hotel, 


Engineers, 


manufacture of military equipments for 
use in the Armed Services. Recently, 
he undertook the administration of de- 
velopment and manufacture of the 
Nike family of missiles and develop- 
ment of the Nike-Zeus anti-missile 
missile. 


American Gear Manufacturers 
Association 


John L. Buehler, Indiana 
Gear Works, Inc., Indianapolis, Ind., 
was elected president of the American 
Gear Manufacturers’ Association dur- 
ing the 43rd Annual Meeting at The 
Homestead, Hot Springs, Virginia, 
June 1-3. 

The AGMA presented its Edward P. 
Connell Award for 1959 to Granger 
Davenport, chief engineer, Gould & 
Eberhardt, Inc., for his contributions 
to the art of gearing. 


president, 
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Wives i Vl i i ING on tough jobs —like 


rolling a double-lead Stub Acme thread —may be easier 


than you think. Olson Mfg. Co. needed only a minor 


adjustment in a standard Anaconda rod 


4 
8 TPI Double-Lead 
Stub Acme L.H. 


'¥,4-16 NS 


194-16 UN 2A 


Rolling three threads (drawing, right) in two positions on a 6-spindle automatic meant cost savings for Olson 
Mfg. Co., Worcester, Mass. The Acme thread, however, posed problems. American Brass specialists sug- 
gested minor modification of standard Anaconda Free-Cutting Brass Rod to provide the extra ductility needed. 
The idea worked and the resulting valve spindle is shown above, about 1% times actual size. 


—or maybe you need a different alloy rod. 
The tiny connectors, right, have to be ma- 
chined from .078” rod, requiring many pre- 
cision form-cutting, drilling, slotting opera- 
tions. So machinability is a vital property of 
the rod used—but so are adequate electrical 
conductivity, high strength, and fatigue re- 
sistance. 

Cannon Electric, Los Angeles, makers of 
these electrical plug assemblies, had to find 
a rod with a delicately balanced combina- 
tion of mechanical properties to provide the 
unfailing and continuous performance re- 
quired. They found it in Anaconda Free-Cut- 
ting Phosphor Bronze-610 Rod, developed by 
American Brass metallurgists to combine the 
strength, resilience, fatigue resistance of 
phosphor bronze, and machinability ap- 
proaching that of free-cutting brass. 


eae the joint requirements of designers, manufactur- 


ing men, and buyers—to achieve high quality and per- ® 
formance while simplifying fabrication and cutting over-all NAC ON 'D) 
costs—is an important function of American Brass technical 


specialists. For imaginative and practical help of this kind, COPPER - BRASS - BRONZE 
see your American Brass Company representative or write: NICKEL SILVER - MILL PRODUCTS 
The American Brass Company, Waterbury 20, Conn. In Can- Made by The American Brass Company 
ada: Anaconda American Brass Ltd., New Toronto, Ont. 59s 
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Men in Industry 


George F. Breitwieser has been ap- 
pointed chief engineer, West Coast 
Missile and Surface Radar Dept., Radio 
Corp. of America. Mr. Breitwieser has 
also been named Atlas project manager 
for RCA and will have charge of all 
West Coast engineering activities for 
RCA Defense Electronic Products, in- 
cluding activities at the present plant 
on Olympic Blvd., Los Angeles, and 
those at the missile electronics center 
under construction at Van Nuys. Mr. 
Breitwieser was formerly chief engi- 
neer of the Missile and Surface Radar 
Dept. in Moorestown, N. J. 


The addition of Robert G. Engman as 
a senior magnetics engineer has been 
announced by Leach Corp., Los Ange- 
les. While Mr. Engman was previously 
employed as a senior research engineer 
with Magnetic Research Corp., he de- 
veloped an all-magnetic amplifier emer- 
gency shutdown system for an atomic 
submarine nuclear reactor. 


Theodore E. Veltfort, Jr., has joined 
the engineering staff of Lynch Carrier 
Systems, Inc., San Francisco. In his 
capacity as design engineer, Mr. Velt- 
fort will be concerned primarily with 
equipment involving pulse techniques 
for carrier telephone, telegraph and 
control. Mr. Veltfort’s most recent em- 
ployment was as chief development 
engineer for the electrical manufactur- 
ing division of Shand & Jurs Division 
of General Precision Equipment Corp. 


Siegfried Lindena has been appointed 
director of advanced research for the 
Special Products Div. of Networks 
Electronic Corp., Van Nuys, Calif. Dr. 
Lindena will direct research in the 
fields of semiconductor and magnetic 
circuitry with special reference to 
power inverters, power supplies and 
control circuitry. Before coming to Net- 
works he was chief engineer of the 
Stablvolt Div. of Magnetic Research 
Corp. and also group chief of the 
power-supply section. Prior to this, Dr. 
Lindena was director of the research 
and development laboratory of Calor 
Emag, Inc., Germany. 


Merwin Brandon has been elected 
president of Underwriters’ Laboratories, 
Inc., Chicago, to replace Curtis R. Wel- 
born, retired. Mr. Brandon joined the 
staff of Underwriters’ Laboratories in 
1921. In 1928 he was promoted to as- 
sociate electrical engineer in the New 
York office and, in 1946, electrical en- 
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gineer. In 1948 he was elected vice 
president of the corporation. 


James M. Hall has been named chief 
engineer of the Semiconductor Dept. 
of P. R. Mallory & Co., Inc., with head- 
quarters in Indianapolis, Ind. Mr. Hall 
was previously a section engineer in 
semiconductor engineering for the com- 
pany. He came to Mallory from Minne- 
apolis Honeywell in 1956. 


The appointment of Nestor Ortiz as 
assistant chief project engineer has 
been announced by the Electronics Div. 
of Curtiss-Wright Corp., Wood-Ridge, 
N. J. Mr. Ortiz has been with Curtiss- 
Wright for the past eight years and 
previously worked on the design of 
electromechanical systems for an elec- 
tronic flight simulator. 


Granger Davenport, chief engineer, 
Gould & Eberhardt, Inc., Irvington, 
N.J., is the 1959 recipient of the Amer- 
ican Gear Manufacturers Association 
Edward P. Connell Award. The award 
is given annually to an individual who 
has made outstanding personal contri- 
butions to further the art of gearing. 
The award citation reads: “In recog- 
nition of his many and valuable contri- 
butions to the work of AGMA as a 
member and chairman of many of its 
committees and of his long service to 
the gear industry in general.” 


Charles Nater has become chief en- 
gineer of the Instrument Div. of Beck- 
man & Whitley, Inc., San Carlos, Calif. 
Mr. Nater was formerly with Canadian 
Westinghouse Co., Hamilton, Ontario. 


CBS-Hytron, Danvers, Mass., has 
named Joseph C. Harmony director of 
general engineering—receiving tubes. 
Mr. Harmony joined the division of 
Columbia Broadcasting System, Inc., in 
1941 as chief engineer of the Salem, 
Mass., receiving-tube plant. 


Nathan R. Grossner has been ap- 
pointed chief engineer for Keystone 
Products Co., Newark, N. J. Mr. Gross- 
ner is responsible for the administra- 
tion of all activities of the engineering 


staff. He has been closely associated 
with the design, development and man- 
ufacture of transformers, filters, power 
supplies, magnetic amplifiers, voltage 
regulators, transistorized amplifiers and 
associated equipment. 


Charles W. George has been appointed 
manager-engineering for the General 
Electric Company’s Gas Turbine Dept., 
Schenectady. Mr. George assumes his 
new duties after serving as manager of 
SAR reactor engineering at the Knolls 
Atomic Power Laboratory in Schenec- 
tady. In 1953 Mr. George was appointed 
manager of the mechanical control sec- 
tion of the Laboratory. 


ITT Communication Systems, Inc.. 
Paramus, N. J., has announced the 
appointment of Rodney D. Chipp as 
director of engineering. The unit of 
ITT was organized recently to manage 
the overall development, design and 
master planning of the Air Force 
communications support system. Mr. 
Chipp joined the ITT system in 1957 
as associate laboratory director, ITT 
Laboratories, Nutley, N. J. Prior to 
joining the ITT system he had served 
as director of engineering with Allen 
B. Du Mont Laboratories and had held 
engineering posts with the American 
Broadcasting Company and National 
Broadcasting Company. Mr. Chipp has 
been awarded the Navy Commendation 
Ribbon for radar design and is a 


Fellow of the IRE. 


A. Wallace Russell has joined the 
staff of Leach Corp., Los Angeles, as 
a senior development engineer. Mr. 
Russell, a designer of oscilloscopes and 
associated equipment, is a former vice 
president and general manager of 
Savage Instrument Co. of Phoenix, 
Ariz., and was engineering manager for 
J. T. Hill Co., electronics manufac- 
turers’ representatives. He was also 
employed in the Instrument Div. of 
Allen B. Du Mont Laboratories, Gen- 
eral Electric Co., and Mullard, Ltd., 
of London. 


Arthur V. Sommer, division manager 
of Chicago Div., American Bosch Arma 
Corp., will become chief engineer, 
Arma Div., Hempstead, N. Y., in June. 
During the past year, Mr. Sommer has 
been attending Massachusetts Institute 
of Technology under an Alfred P. 
Sloan Fellowship. He joined Arma as 
an apprentice in 1940, and was assist- 
ant head of Gyroscopic Research and 
Development at the time of his trans- 
fer in 1956 to Chicago Div. as manager 
of engineering. 


Philip R. Geffe has been appointed 
chief filter engineer of North Hills 
Electric Co., Inc., Mineola, N. Y. Mr. 


Geffe, who was chief filter engineer at 
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When you buy Motor Starters —— 


YOU PAY FOR OVERLOAD PROTECTION 


Only ONE-PIECE Overioad Relays give 
100% Protection - Only with ONE-PIECE con- te 
struction can you know you've installed the —s 
heater correctly. Only with ONE-PIECE con- 
struction can you know the heater is exactly ; 
centered, or properly positioned, so that it 
performs according to its rating. Only with 
ONE-PIECE construction can you know your 
motors have full protection. 


| 
Only Square D has ONE-PIECE Construc- Vv 
tion - ONE-PIECE construction eliminates any 4 
possibility of heater misalignment. Square D : 
melting alloy thermal overload relays can be 
installed only one way. They are tamper- 
proof. They are factory-assembled, are in- 
dividually calibrated and tested. Repeated 
tripping will not affect accuracy. 
Insist on 
Square D melting alloy 
thermal overload relays 
Wette tor Bulletin $M-275 for the 
complete storyon Square D starters 
with ONE-PIECE thermal overioad 
relays. Address Square D Company, 


4041 N. Richards St., Milwaukee 12, 
Wisconsin. 


1-PIECE CONSTRUCTION 


Heat-respon Heat-producing Individual ——? Inspection of every Square D 
element (solderpot)pro- element is an integral part melting alloy thermal relay means perform- 
vides accurate response to of overload unit. It’s perma- sc dekasatanns Hod cords Oeallinied end ticoveahty 
overload, yet prevents nui- nently joined to solder pot, tested to make sure it will perform according to its rating. 
sance tripping. can't become misaligned. 


EC&M weavy inpustry ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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anil): 


esteemed trademark with 


and enhance your 


ic Uy, 


Make CORNISH your headquarters for 


CUSTOM 


CORD SETS 


Sa] i aa f R ENGINEERS 


FOR FORTY YEARS we've specialized in the 
engineering and production of Blue Chip cord 
sets for Blue Chip electrical equipment and 
appliances. Let CORNISH machinery, men and 
methods help your fine products to serve better 

LONGER. All our know-how at your service 


Consult Us Without Obligation 


ADEQUATE 
WIRING BUREAU 


CORNISH WIRE CO., inc 


50 Church Street New York 7 NY 


REPRESENTATIVES 


@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO 

CLEVELAND @ DALLAS DENVER @ OETROIT @ KANSAS CiTy 

@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 

@ ROCHESTER @ ST. LOUIS @ SAN FRANCISCO @ SEATTLE @ WILLIAMSTOWN 
@ Stock carried 


ducers of Quality Wire Products for Home, Farm and Industry 


@ CINCINNATI 
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Triad Transformer Corp. and director 
of engineering at Hycor, is the author 
of several papers on network synthesis 
and advanced filter design. 


Eugene B. Novikoff has been ap- 
pointed vice president in charge of en- 
gineering at Instruments for Industry, 
Inc., Hicksville, N.Y. Prior to joining 
I.F.1., Mr. Novikoff was a development 
engineer at Servo Corp. of America, 


New Hyde Park, N.Y. 


Joseph P. Wood has been named to 
the newly created position of power 
equipment consultant of I-T-E Circuit 
Breaker Co., Philadelphia. Prior to this 
appointment, Mr. Wood was adviser on 
high-voltage engineering for the com- 
pany’s switchgear’ division. Before 
joining I-T-E, he was president and 
chief engineer of Roller Smith Co., 
Bethlehem, Pa. 


International Resistance Co. has an- 
nounced the appointment of Larry Mc- 
Farren to chief engineer of the Burling- 
ton, lowa plant. Prior to joining IRC, 
Mr. McFarren was manager, Resistor 
and Dielectric Assemblies Engineering, 
at General Electric Co., Specialty Elec- 
tronic Components Dept., Syracuse and 
Auburn, N. Y. He was previously as- 
sociated with P. R. Mallory & Co., Inc., 
Indianapolis, Ind., as chief engineer, 
Resistor Div. 


James G. Tabler, former senior staff 
engineer with the associate director of 
engineering, has been named chief 
engineer of the new Industrial Div. of 
Cubic Corp., San Diego. Mr. Tabler, 
formerly a project engineer at Cubic, 
has also held engineering posts at 
Convair and with other electronics firms 
in the San Diego area. 


Promotions in the engineering de- 
partments of The Garrett Corporation’s 
AiResearch Manufacturing divisions in 
Los Angeles and Phoenix have been 
announced. In Los Angeles, James V. 
Crawford has been promoted to the 
position of chief engineer and Norman 
M. Brown to assistant chief engineer. 
In Phoenix, Helmut Schelp has been 
named chief engineer and Carl Paul 
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Take Advantage Now 
of low priced, high efficiency 


fe Hussey Copper 


made to American Quality Standards 
to serve you best! 


There’s no need now to substitute less effective materials 
for the quality and functional advantages of genuine 
Hussey Copper. The cost is right to allow you to use 
Hussey Copper everywhere that copper can serve best. 
The quality is that well-known American Standard that 
can't be matched by copper from any other source. For 
large users Hussey offers complete mill service on copper 
including sheuring, slitting, circle cutting, stamping, 
annealing and other special services. For day-to-day 
needs, use one of Hussey’s seven convenient warehouses 
in key industrial cities. 


COPPER, BRASS, BRONZE 
PHOSPHOR BRONZE 
NICKEL SILVER 

FREE CUTTING ALLOYS 


WRITE 


for the Hussey Copper 
Stock List 


C. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 
Rolling Mills and General Offices 
PITTSBURGH 19, PENNSYLVANIA 
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served as director of the labs, admin- 
| istrative engineer and as engineering 
| manager until his present assignment. 
| Until his present appointment, Dr. 
Schelp was assistant chief engineer, 
turbo machinery. 


assistant chief engineer. Mr. Crawford 
| joined the Los Angeles division as a 
. research engineer. He subsequently 


David B. Nichinson has been elected 
vice president in charge of engineering, 


CN Ee 
i ‘ y | PN a r : . 
. . aD = re - 2am a new position, of Kollsman Instru- 
2 y ’ { ’ { 4] i ment Corp., Elmhurst and Syosset, 
i | e a i i id YY i A a Ye N.Y. Mr. Nichinson, formerly director 
- . —T if of research and development, has been 
y ! At A } | fT) if tb ’ if i | concerned with the development of 
L ee ie ¥ Cr . automatic celestial navigation equip- 
wert a a ee ment and military computation systems. 


He came to Kollsman from the Radia- 
tion Laboratory at MIT. 





Gilbert Tint has been appointed vice 
president and chief engineer of Na- 
tional Ultrasonic Corp., Irvington, N.J. 
The firm specializes in production of 
ultrasonic cleaning and testing equip- 
ment. Before joining National Ultra- 


® 
sonic Corp., Mr. Tint served as chief 
ar DIVES IBM = engineer for Alcar Instruments, Ine., 
® $ and prior to that was project engineer 
. = for Fada Radio and Electric Co. 
sainst fail 

agains al ure design of computer input-output equip- 
aan ment, industrial data-logging systems, 
an automatic articulation tester, and 
of soldered oints machine-tool control systems. He was 

formerly _ staff 


Appointment of Paul Winsor III as 
associate director of engineering has 
been announced by Auerbach Elec- 
tronics Corp., Narberth, Pa. Mr. Win- 
sor’s recent activities have included the 


/ 


y 





technical consultant 
with the Burroughs Corp. Research 
oe n3p ae ‘ Center. 
To assure minimum down time of its 700-Series data processing 
system, IBM uses pluggable units manufactured by the Electro- Earl 1. Anderson has been named to 


: re ha : : ; the newly created position of chief en- 
Mechanical Division of Erie Resistor Corporation. . F “nee 
gineer, Home Instruments Engineer- 


Because of the controlled temperature and short dwell time ing, RCA Victor Home Instruments. 
of Erie’s patented automatic soldering process, 300 highest Mr. Anderson, formerly chief engineer, 


; Toi acide , Communications Engineering, RCA In- 
quality solder connections are made in less than one minute. dustrial Electronics Products, joined 


Efficient Erie-matic assembly further insures highest quality at RCA as an engineer in the Industry 
lowest unit cost. Service Laboratory in New York in 
1937. 


We design and produce assemblies for a wide variety of 
electronic and electro-mechanical devices . . . radio and TV sets, 
computers, industrial electronic units, missile electronic elements. 


Herbert S$. Lindahl has been pro- 
moted to chief product engineer—re- 
frigeration, and Gordon Kayser has 


Let us show you production-line samples of Erie-matic | been made chief product engineer— 
Silt: Nien: | heating and air conditioning, at the 
packages. Write to: | Betz Div. of Bohn Aluminum & Brass 


Corp., Danville, III. 


Granger Associates, Palo Alto, Calif., 
a eS ie. has advanced Stuart R. Hennies, a 

aig Flectro-Mechanical Division | senior member of the engineering staff 
since early 1957, to the post of chief 

ERIE RESISTOR CORPORATION engineer. Before joining Granger, Mr. 
Hennies was with Varian Associates as 
a design and applications engineer. 
(Continued on page 168) 


Erie, Pennsylvania 
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FROM UNIVERSAL ELECTRIC 


eeeeeeeeetseeeeeeeeeeeeeeeeeeeeensepeeeeeeeeeehm—UmlUchlUchFFlhUF} 


THE 
UNIVERSAL 
BEARING’ 


free aligning bearing 


*PATENT APPLIED FOR 





A new revolutionary bearing assembly, 
the Universal Bearing, that promises to 
eliminate fractional hp motor bearing 
problems has been designed and is now a 
feature of UNIVERSAL ELECTRIC motors. 
The new Universal Bearing does not rely 
on spring tension to aid its alignment 
but utilizes only the shaft itself. This is ac- 
complished by moving the axis of support 
from the end of the bearing to the center 
. . » the ideal location. 

Flexibility and rigidity of bearing support 
and bearing are of primary importance, 
particularly in fractional hp motors. The 
design of the Universal Bearing insures 
continuous and positive alignment to the 
shaft at all times. A neoprene collar, which 
is flexible, provides a perfect and firm fit 
between bearing and bearing support sur- 
face. The Universal Bearing is inherently 
in balance . . . and cannot get out of either 
alignment or balance. It is as firm as a 
rigid bearing; more flexible than a self 
aligning bearing. 

The Universal Bearing Assembly provides 
longer bearing life, better lubrication 
and an easier starting motor that runs 
without a whisper of sound. This is the 
first major bearing improvement since 
UNIVERSAL introduced the coil spring 
bearing retainer in 1944, 


— 
| 
| 
| 
| 


TYPE 23 
1/50 to 1/12 HP. 






These are the first two UNIVERSAL ELECTRIC motors 
to feature the revolutionary, new Universal Bearing. 


TYPE 118 
1/200 to 1/50 H.P. 








SUPPORT The new Universal Bearing is so 
PRESSURE 










Ol 
RESERVOIR 


. i designed that support pressure is 
+ \ on the center of the bearing, rather 


than on the end. This eliminates the 
uneven tension common in the spring 


fj —— 





' — 
i ——_) 
/ Fi and permits adjustment of the axis 
TI A= oa position to true alignment. The bear- 
HH eff) CUSHIONED ing is inherently in balance and can 
NEOPRENE . ate 
COLLAR adjust to any shaft misalignment 
100% of the time under any load 
conditions. A neoprene collar is 
used around the outside surface of the bearing to accommodate 
manufacturing tolerances. Small metal clips are fitted around the 
outside surface to confine the neoprene collar and allow a free 
sliding movement along the bearing support surface. The neoprene 
collar expands or contracts within the metal clips to afford a perfect 


CASE 
SUPPORT 


mating surface. 


50-A 


cr UNIVERSAL ELECTRIC COMPANY 


| & PRECISION ELECTRIC MOTORS 
L 3 EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT, 14 
~~ 
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ADVANCE VGS 


MINIATURE ROTARY RELA 


—high sensitivity and 
high contact rating in 
less than 1 cubic inch space 


125 milliwatts is all that’s needed to operate this relay. Even a single 
transistor supplies enough power for fast, positive switching of the unit. 


5 amps for 100,000 operations is the minimum rating. 
You get all this power in a unit measuring only 74” square x 114” high, 
and weighing only 1.5 ounces. 


50 G’s shock rating is standard for the Advance VGS. Unit operates 
under vibration of 15 G's from 55 to 2000 cps...is fully operational 
for use in exacting military systems. 


125°C high-temperature operation...down to 65 C. 


Hermetically sealed and Radiflo tested to meet MIL-R-5757C 
test specifications. Available with two-pole, double-throw contact 
combination, and in many resistances and mounting arrangements. 






ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


2435 N NAOMI ST. BURBANK. CALIFORNIA 


See Us at Booth #1701 at the WESCON SHOW 
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Earlier he was with Northrop Aircraft 
Co. as a specialist in telecommuni- 
cations in charge of aircraft antenna 
and missile  radio-control systems 
development. 


Robert Talambiras, formerly chief en- 
gineer for the Instruments and Equip- 
ment Div., Epsco, Inc., Boston and 
Cambridge, Mass., has been appointed 
technical director for the Instruments 
and Equipment and Components Divi- 
sions. Mr. Talambiras has worked on 
an analog-to-digital converter, an auto- 
matic FM telemetry discriminator, and 
a differential d-c amplifier. To fill the 
position vacated by Mr. Talambiras, 
Peter Richman has been appointed chief 
engineer and Paul Bothwell assistant 
chief engineer. Prior to joining Epsco, 
Mr. Richman was assistant chief engi- 
neer for Reeves Instrument Corp., Gar- 
den City, N. Y., and Mr. Bothwell was 
a group leader at Radio Corp. of 
America, Camden, N. J. 


T. C. Warner, Jr., has been pro- 
moted to chief development engineer, 
Electro-Mechanical Section, of MB 
Manufacturing Company’s Vibration 
Equipment Div., New Haven, Conn. Mr. 
Warner joined the company in 1952 
as a senior project engineer. In that 
capacity he developed a_ single-fre- 
quency pickup calibrator for on-site 
application that has been accepted as 
a standard by all of the Armed Forces 
and the Bureau of Standards. Before 
joining MB, Mr. Warner was with 
the Aircraft Instrument Development 
Group at Wright Air Development 
Center. 


Fred A. Meunier has joined Magna- 
flux Corp. as senior engineer in the 
Electronic Engineering Dept. where he 
will be responsible for the development 
of magnetic and eddy-current testing 
instruments. Mr. Meunier was formerly 
with Republic Steel Corp. as produc- 
tion engineer, electrical engineer and 
project engineer in the Electro-Me- 
chanical Research Center. Patents have 
been awarded to Mr. Meunier for con- 
tinuous control for strip mill operation, 
a tear detector for cracks in tin plate 
stock, and a limiter for eddy-current 
testing of tubing. 


Richard A. Kirk, Tamar Electronics, 
Inc., Santa Monica, Calif., project 
engineer, and most recently a micro- 
wave specialist for Douglas Aircraft, 
has been appointed chief project 
engineer of Tamar. Mr. Kirk’s con- 
tributions in antenna and microwave 
areas include development of techniques 
for measurement of 1-f radiation pat- 
terns and conducting a development 
program to provide specialized micro- 
wave components for laboratory certifi- 
cation. 
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NATIONAL ELECTRIC REPORTS... 


Tapes of Du Pont MYLAR’ help improve building- 
wire performance... cut manufacturing costs 


PROBLEM: National Electric Products 
Corp., Pittsburgh, was seeking a higher- 
quality material to replace rubber-filled 
cotton tape used in their building wire. 
At the same time, they were looking for 
ways to cut manufacturing costs. 


SOLUTION: Du Pont ‘‘Mylar’’* polyester 
film. And ‘“‘Mylar’’ costs less on a square 
foot basis than rubber-filled cotton tape. 
Tests proved a tape of ‘‘Mylar’’ im- 
mersed in water for 12 hours absorbed 
less than 1% of its weight vs. 32% for 


aU PONT 


REG. us. Pat OFF 


BETTER THINGS FOR BETTER LIVING 


. THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 
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rubber-filled cotton tape. Building wire 
using 1 mil ‘“‘Mylar’’ had 4 times the 
abrasion resistance of wire using 10 mil 
rubber-filled cotton tape. 


RESULTS: Reduced wire diameter and 
weight. In manufacturing, ‘‘M ylar’’ per- 
mits additional savings because reduced 
cable diameter requires less braided 
outer covering material. The physical 
toughness of ‘‘Mylar’’ gives extra safety 
against damage by flexing, pinching, 
bending and abrasion. Resistance to 


*“MYLAR” is Du Pont’s registered trademark for its brand of polyester film, 
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PROPERTIES OF “MYLAR” 


“‘Mylar”’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 





HIGH DIELECTRIC STRENGTH: Aver- 
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles. 





SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents. 


moisture and normal atmospheric oxi- 
dation is improved. 


HOW CAN “MYLAR” HELP YOU? Whether 
you use heavy duty cable, motors, trans- 
formers or miniaturized capacitors, it 
will pay you to investigate the per- 
formance benefits of ‘‘Mylar’’. Com- 
ponent makers find this tough, thin 
film often costs less on an area basis 
than present insulation. For detailed 
information, send in the coupon, 




















Circle 171 on page 17 


| E. I. du Pont de Nemours & Co. (Inc.) | 
| Film Dept., Room EM-7, Nemours Bldg., Wilmington 98, Del. / 
| Please send booklet listing properties, applications | 
| and types of “Mylar” polyester film available (MB-11). | 
| Application = “ = cence an | 
| Name . — — = | 
| Company a “ an - | 
| Address - emniniiaiilidaiaga | 
| City State | 
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ot the amount of 
FREE technical 
information available 
. find 

out by sending 


for ee FREE 


fo you... 
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Controls - Thermal, Electronic 
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end Physical-Sensing Devices 


VECO THERMISTOR-VARISTOR 


LITERATURE CATALOG 


This handy reference catalog de- 
scribes the VECO Technical Literature 
available for a variety of different 
applications of VECO Thermistors, 


Varistors and other VECO products. 


CATALOGED IN EEM SEC. 4700 ‘we 
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— 


109 Springfield Road, Union, N. J. 
MUrdock 8-7150 
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Company Briefs 





Chemical & Metallurgical Div., Gen- 
eral Electric Co., has announced plans 
for a commercial manufacturing plant 
for production of Lexan polycarbonate 
resin. The 160-acre site at Mount 
Vernon, Ind. Plant production will be 
available to the market in late 1960. 


Is 


Drake Manufacturing Co., Chicago 
manufacturers of indicating-light as- 
semblies and other miniature lighting 
equipment, has begun production in 
their new plant at 4626 N. Olcott Ave., 
Harwood Heights, Chicago. Operations 
previously carried on in two separate 
plants, in addition to general offices, 
are now consolidated in the new plant. 


Formation of a Magnetic Components 
Division of Telex. Inc., St. Paul, has 
been announced. Robert L. Sell, for- 
merly chief engineer at Audio Develop- 
ment Co., Minneapolis, will be in 
charge of the new division’s sales and 
engineering activities. The division will 
develop and manufacture electronic de- 
vices based on magnetic principles for 
commercial and military use. 


Arthur C. Ruge Associates, Inc., de- 
signers and manufacturers of resist- 
ance elements, have moved from Cam- 
bridge, Mass., to Hudson, N. H., with 
virtually all personnel making the 
transfer. The new plant has 10,000 sq 
ft of space, more than twice that of 
the earlier facility. 


IMC Magnetics Corp., formerly In- 
duction Motors Corp., Westbury, N. Y., 
has acquired Mason Electric Corp., Los 
Angeles. The West Coast firm, which 
manufactures switches, will become a 
wholly owned division. 

A solid-state research laboratory has 
been created in Los Angeles by the 
Leach Corp. The laboratory will be lo- 
cated at the Leach Relay Div. in Los 
Angeles, and will develop solid-state 
packaging and experiment with solid- 
state devices. 


A new AMF Electrical Products Group 
has been organized by American Ma- 
chine & Foundry Co. Forming the group 
are Potter & Brumfield, Inc., with plants 
in Princeton, Ind., Franklin, Ky., and 
Guelph, Ontario, Canada; Leland Elec- 
tric Motor Div. in Dayton, Ohio; Leland 
Aircraft Products Div. in Vandalia, Ohio: 
and Leland Electric Canada Ltd., in 
Guelph, Ontario. Richard M. Brumfield, 
president of Potter & Brumfield, Inc., 
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will be the executive for the Electrical 
Products group. 


Melpar, Inc., Falls Church, Va., a 
subsidiary of Westinghouse Air Brake 
Co., has consolidated all Boston and 
Watertown plant activities into a single 
division to be known as Applied Science 
Division. Dr. T. P. Cheatham, formerly 
director of research of the Melpar 
Boston plant, is the manager of the 
new division. 


Rex Rheostat Co. is moving all opera- 
tions to their newly erected building at 
149 Babylon Turnpike, Roosevelt, L.L., 
N.Y. 

Purchase of the assets and inven- 
tories of San Jose Scientific Co. by 
Systron Corp., Concord, Calif., has been 
announced. The strip-chart recorders 
and digital voltmeters formerly man- 
ufactured by San Jose Scientific Co: 
will be marketed under the Systron 
name. All engineering and manufactur- 
ing will be transferred to the Systron 
Corp. plant in Concord, Calif. 


A new corporation, Waters Conley, 
has been organized to carry out devel- 
opment, manufacturing and marketing 
operations in the consumer, industrial 


and military electronics fields. The 
corporation is headed by Edgar N. 
Greenebaum, Jr., chairman of the 


board, and John M. Rau, president and 
chief executive officer. The initial ac- 
quisition by the corporation is Waters 
Conley Co., Inc., Rochester, Minn., 
manufacturer of phonographs and other 
electronic products. The new corpora- 
tion has also acquired the assets of 
Stereophonic Automation Corp., Skokie, 


Ill., manufacturer of the Fidelipac 
magnetic tape magazine and Fidelivox 
tape reproducing equipment. The new 


ly acquired magnetic-tape operations 
will continue in Skokie as the Fidelivox 
and Fidelipac Divisions of Waters 
Conley. 


Formation of Microwave Electronics 
Corp., Palo Alto, Calif., for research, 
development and manufacture of mi- 
crowave electronic devices, has been 
announced by Dr. Stanley F. Kaisel, 
president. The executive offices, labor- 
atory and manufacturing plant are 
located at 4061 Transport St., Palo 
Alto. Initial emphasis will be on trav- 
eling-wave amplifiers and backward- 
wave oscillators. The firm plans to 
develop a proprietary line of tubes 
covering a broad frequency range. 


A plant designed for precision ma- 
chining of beryllium metal components 
has been established on the East Coast. 
The Alsea Beryllium Machining Corp. 
plant in Valley Stream, N.Y., is initially 
producing electro-mechanical compo- 
nents for the missile and space research 
program. 
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FORMS OF EPOXY 


wil solve any 
component encapsulation 
problem! 


Shells, sheeting, powder, pellets, liquid—EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component. 
EPOXY SHEET Molded epoxy sheets in a variety of Once the right encapsulating unit is developed, 

cola pelea sc5: cons it can be produced in quantity immediately and 
placed on your production line. In short, no 
matter what type of component you are 
encapsulating, no matter what your facilities are 
now, there is an epoxy form and method just 
for you—from EPOXY PRODUCTS! Write today for 
complete technical data and literature. 





Test epoxy encapsulation 
in your own lab! 


A special kit containing generous 
samples of all 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor. 


PRODUCTS, INC. 


A Diwision of Joseph Waldman & Sons 
137 Coit Street, Irvington 11, New Jersey 


EPOXY LIQUID AND HARDENER — If apy 
MCRL C a Eit me leat 


ind hardeners will ire at room ten 
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BENDIX RED BANK GENERATOR 
30E02—300 AMPS — speed 
range 3450/8500 rpm. Checked at 
overspeed conditions up to 11,000 
rpm. Approved for continuous 
operation of 2500 hours before 
overhaul scheduling. 


Sub-contractor: Eureka Williams 
Corporation 


Commutator: Nippert 


NEW EUREKA SUPER 
AUTOMATIC CLEANER, 
MODEL 260. Motor: 
Universal, 250 watts, 
hp; two speeds — 8500 
and 9500 rpm. 


Commutator: Nippert 


Nippert makes the right 
commutator for every nee 


From airborne power units to air-moving cleaners .. . for all 
types of applications, Nippert commutators are designed and 
produced for speed, temperature and other specific operating 


requirements. Nippert’s craftsmanship, exclusive techniques 
and custom machines make possible the production of com- 
mutators to your specifications, economically, in any quantity. 
Sizes from 5/16” to 4” in diameter. Send us your specifications. 


COMMUTATORS 
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ELECTRIC PRODUCTS CO. 


SLIP RINGS COBNSTATOR 1759 W. Mound Sts ° BRoadway re 16 
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COPPER AND OTHER 
DRAWN COPPER SHAPES 


Columbus 23, Ohio 
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Engineering 
Standards 


ASA Standards 


Characteristics that define an instru- 
ment ball bearing are part of the new 
American Standard Requirements for 
Instrument Precision Ball Bearings. 
Boundary dimensions and _ tolerances, 





classifications used for selective as- 
sembly, and internal clearances are 
included in the American Standard 
B3.10-1959. $1.00 

American Standard B3.11-1959, 
Method of Evaluating Load Ratings 
for Ball and Roller Bearings. $1.75 

Copies of both are available from 
American Standards Association, 70 


FE. 45th St., New York 17, N. Y. 


Die Casting Standards 
The American Die Casting Institute 
has issued the following new engi- 
neering Product Standards: 
ADCI-E14-59T; Die Cast Threads. 
ADCI-E15-59T; Fillets, Ribs and 
Corners. 
A complete set of 16 Products 
Standards is available from ADCI, 
366 Madison Ave., New York 17, N.Y. 


MPIF Standards 


Standards for ferrite cores, special 
electronic components, and ceramic 
permanent magnets have been published 
as a bound volume by the Metal Powder 
Industries Federation. Included are 
dimensional specifications for ferrite 
deflection yokes and flyback transformer 
cores. Procedures for inspection of 
ferrite cores, acceptance standards for 
ferrite yokes and ferrite transformer 
cores are given. Methods for measure- 
ment and presentation of electrical para- 
meters of ferrite transformer cores are 
specified. Set includes specifications for 
ceramic permanent magnets. 

These standards are available from 
Metal Powder Industries Federation, 
130 W. 42nd St., New York 36, at $6.00 


per set. 


ASTM Standards 


Publication of the 10-part 1958 Book 
of ASTM Standards is now complete. 
The 13,600-page reference work con- 
tains 2,450 standard — specifications, 
methods of test, definitions of terms 
and recommended practices. Each part 
has a detailed subject index and nu- 
merical list of standards. Supplements 

will be issued. 
(Continued on page 174) 
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Electrical Wire Division 
John A. Roebling’s Sons Corp. 
Trenton 2, New Jersey 


a friend... 
send for it! 


| 

| 

| 

| 

| 

! 

| 

| 
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ees This illustrated book covers every type of | 
“em” — Roebling Magnet Wire—how it’s made, tested, | Company 

| 

| 

| 

! 

! 

| 

| 

| 

| 

I 


Please send my free copy of Roebling’s new 
Magnet Wire Fact Book. 


Name 


packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu- 
facturing picture! 

Your free copy is waiting for you. Just write—today— 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey. 


Street, 
City. 


DOO iscitiirncibineteatincinsinsaiiacnuitinaniaantnintianecishiniinctnnasnnionsitaiiilin ’ 


ROE BLING 


Branch Offices in Principal Cities j 
Subsidiary of The Colorado Fuel and iron Corporation : 
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*/ the STRIPPIT | 
FABRICATOR 


WORK PIECE — Electronic Chassis — 
10” x 14” — 23 holes — 5 sizes — 


4 different shapes — 4 corner notches 
SETUP TIME —9.3 minutes 
PRODUCTION RUN—5 pieces 


PRODUCTION TIME PER PIECE — 2.8 minutes 


-) 


For short or pilot runs—model shop and experimental work—no 
other single machine can match the production capabilities and 
profit potential of the Strippit Fabricator. 

PUNCHES—any round or shaped hole up to 314” diameter in sheet material 
— up to 4” mild steel. 


corners — rectangular, radii, vee and special shape edge 


NOTCHES—) 
notches — up to 1” capacity in mild steel. 


NIBBLES —straight line or contour shearing up to a 38” diameter circle. 
at 165 strokes per minute, 4” mild steel. 


ACCURATE, QUICK-SET GAUGING—a unique, multiple-stop system permits exact 
positioning of the work to any layout specifications in seconds 
instead of minutes. 

QUICK-CHANGE PUNCHES AND DIES—changed from one size to another in less 
than 20 seconds — within easy reach in labeled, built-in file 
drawers. 

EASY CONVERSION —to a production punching unit by adding the Strippit 
Duplicator for high speed production of hundreds of pieces - 
and the Dupl-O-Scope to punch Duplicator templates from a 
drawing, layout or sample part. 


WRITE TODAY — for Catalog 10 AA and an actual demonstration right at your own plant 
of the capabilities of this high-profit fabrication system, by a 
Strippit Mobile Demonstration Unit. 
‘ 


waes STRIPPIT inc. even 


~~ 
222 Buell Road « Akron, New York vera 
In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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The set is available trom American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa., at 
$116.00. Individual parts are available. 





Book Reviews 





Modern Electronic Components. 
By G. W. A. Dummer. Sir Isaac Pit- 
man & Sons, Ltd., London (1959). 
Available from Philosophical —Li- 
brary, Inc., 15 E. 40 St., New York 
16. 472 pages, price $15.00. 


This survey of common electronic com- 
ponents and materials and their char- 
acteristics places emphasis on reliability 
and environmental factors. Several 
chapters deal with resistors and ca- 
pacitors. Other subjects discussed in- 
clude magnetic materials (including 
ferrites), wire and. sleeving, trans- 
formers, batteries, relays and switches. 
Miniature components suitable for use 
with semiconductor devices are treated 
in a separate chapter. There are chap- 
ters on the effects of shock and vibra- 
tion, problems encountered at high 
altitudes, the effects of radiation on 
components, and tropical and _ low- 
temperature environments. 


Electrical Safety. By H. W. Swann. 
Philosophical Library, Inc., New 
York, 1959. 292 pages, $15.00. 


Both the use to which an electrical 
device may be put and its initial design 
influence the degree of safety afforded 
the user. The experiences of the author, 
who was Senior Electrical Inspector for 
the British Home Office, provide valu- 
able information for the design engi- 
neer who seeks to anticipate the con- 
ditions of use, and misuse, under which 
his device may result in injury to 
personnel or property. 

This comprehensive survey covers 
such subjects as the dissipation and 
prevention of static charges, protecting 
inflammable surroundings from igni- 
tion by electrical devices, power con- 
trol equipment, automatic protective 
devices, provision for maintenance of 
electrically-operated equipment, and 
the physical aspects of electricity. 
Many illustrative cases are given in 
this book, which is suitable for both 
design and industrial engineers. 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 


New Components and Materials 


Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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When it’s Quality you're after... 








design with 


You're Sure of — 
e All-Aluminum Durability © Dependability «© Modern Design 


Better electrical design often begins with better electrical fittings. 
Protect your product's performance and quality with Killark 
Alumaloy fittings. They're rust and corrosion proof, light weight, 
designed for easier wiring as well as rugged on-the-job duty. 


For example: 





Explosion-Proof Switches 
(Type XPBM) 


Junction Boxes 
(XJB) 





Explosion-Proof Fitting Cord Connectors Explosion-Proof Fittings 
(GRSS Series) (CGAIN Series) (X Series) 


Explosion-Proof 
Flexible Couplings 
(EK Series) 





Write for the Killark Catalog of Electrical Fittings and Fixtures 


“KILLARK...@ _— Name to Remember” 





Vandeventer " Gestcn r Aves. ‘St. Louls 13, Me, 
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GENERAL CABLE 


the complete line of 


MAGNET 


ACKAG' 


Long experience in the manufacture of magnet wire has enabled General 
Cable to develop the industry’s widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable...they have the right 
packaging for you. 
















STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 472 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
ore palletized for shipment. 


Payout Equipment General Cable also has available a com- 


plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 





...specty GENERAL 
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Mechanical Aspects of 
Control-Center Design 


(Continued from page 99) 








VERTICAL WIRING TROUGH. Wires 
from individual control units are run 
along right side of each section to ter- 
minal boards in top wiring compart- 
ments, or to other terminal locations, 
and held in place by removable retainer 
straps. Horizontal crossbars and control 
unit support brackets are also removable 
for access to full length of trough. Felt 
gasketing extends around entire door 


frame and along each cross member. 





DOOR LATCHES. Each door has one or 
more screwdriver-tightened pressure fas- 
teners. First turn of screw rotates latch 
to engage formed edge of side plate; 
extra turns pull door against gasket for 
dust-tight, rattle-free fit. Disconnect or 
circuit-breaker handles, pushbuttons for 
local control, cardholders, ete., also 
mount on doors. Each door is interlocked 
with breaker or disconnect, but means 
are provided for bypassing interlocks so 
doors can be opened in emergency with 
power on. 
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TO THE ENGINEER WITH A 





PRODUCTS FOR. INDUSTRY 


ENGINEERING HANDBOOK 










SPAULDING FIBRE COMPANY, INC. 










TONAWANDA, N.Y. & 
VULCANIZED FIBRE * ARMITE * SPAULDITE * SPAULDO 
SPAULDING FIBRE BOARD * SPAULDING T BOARD 
MATERIALS-HANDLING EQUIPMENT 
| 1 
toad SPAULDING FIBRE COMPANY, INC. 
ee eam: -314 WHEELER STREET 
“tie TONAWANDA, NEW YORK | 
on —_ o Please send your new 40-page Engineering Handbook. | 
| 
FOR SPAULDING'S | 
NEW 40-PAGE ae Tie 
ENGINEERING HANDBOOK | 
‘ Firm | 
| 
Oda | 
Address | 
| 
= City Zone State 
cs e 2 RE SON Be NTE es é alg ce ae I ee i J 
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Design Changes Refine 
Jig Borer Control 


(Continued from page 121) 


digital position numbers on the bottom three rows. Each 
tube is connected to one deck of a character stepping 
switch, so that the information contained in the block 
just read is clearly indicated. There also is a small neon 
light above each indicator tube to indicate which char- 
acter is being read at each instant. The neon lights are 
connected to one deck of the distributor switch CRD. 
For optimum visibility, the display panel is swivel- 
mounted on top of the control cabinet. 

Telephone-Dial Positioning. An important new 
feature of the jig-borer control is the addition of tele- 
phone dials to permit the entering of positioning infor- 
mation by hand. In the earlier design, rotary tap switches 
were used for this purpose. There are two telephone dials, 
one on the panel at the front of the bed and the other 
on a similar panel near the spindle head (Fig. 8). 

For normal automatic operation, the operator presses 
a “position” button, starting the reading of data. On 
the completion of the reading of a block, the machine 
continues its cycle and the slides are set in accordance 
with the data. In the semi-automatic mode of operation, 
however, the cycle is started by pushing an “advance” 
button (Fig. 6). In this case, the data is read off the 
tape but no machine movement takes place until the 
operator subsequently pushes a “reposition” button. It 


VERSATILITY...1N ONE PRECISION-WELDING 


Fig. 8—Control panel located near spindle head contains tele- 
phone dial for entering positioning information manually. A 
second and similar panel is located at the front of the machine 
bed. 


is thus possible for the operator to change any one or 
more of the digits in the position read from the tape. 
By determining the position of the distributor switch 
(as indicated by the neon lights on the display panel) 
and pressing an advance button, the operator can move 
the memory system to any particular digit he desires. 
Then, using one of the telephone dials, he can change 
that digit. 

The circuits involved in this operation are also shown 
in Fig. 6. There are three contacts in each telephone 


HANDPIECE 


3 TIP ANGLES 
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Feathertouch—up to 25 pounds. You no 
longer need separate handpieces when widely 
varying weld pressures are required at a single 
work station—use the new VTA-24 Welding 
Handpiece. A single control knob and indica- 
tor makes it possible to instantly adjust weld- 
ing pressure—all the way from a featherlight 
0.1 pound to a medium-heavy 25 pounds. 


Secret of the compact design and versatility 
of the VTA-24 Handpiece is the unique multiple- 
leaf spring that is used to apply pressure to the 
firing microswitch. You can make extremely sen- 


sitive adjustments under 5 pounds without re- 
quiring an extended scale for higher pressures. 


Three different tip angles, used in combina- 
tion with many different electrodes, lets the 
operator weld even the hard-to-reach places 
with a minimum of equipment and effort. 


The VTA-24 Handpiece along with VTP con- 
trols are other examples of VTP’s leadership 
in the development of specialized equipment 
for precision welding light gauge (.0003 to .060 
inches) wires, rods, foils, and sheet materials. 


For further information please write to Vacuum Tube Products, P.O. Box 810, 
Oceanside, California. For export write: Hughes International, Culver City, California 


VACUUM TUBE PRODUCTS 
o a division of HUGHES AIRCRAFT COMPANY 
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You Get MORE with 
DOERR MOTORS 


QUALITY... 


Top performance and life. 


APPEARANCE... 


Compliments your product. 


DESIGN SERVICE... 


Solves toughest problems. 


COOPERATION... 


Even on small-lot orders. 


YOUR PRODUCTS are easier to produce... easier to sell... witha 
Doerr motor as original equipment. 


Got a problem? Doerr’s experience with thousands of 
“specials” suggests quick, economical answers. Our broad 
background helps develop practical new designs to fit all 
of your requirements at lowest cost. 


Also, Doerr quality construction assures full performance 
of your product... while compact, modern Doerr styling 
adds to appearance. 


CALL DOERR WHEN 
YOU NEED MOTORS 


On your next call for motors, get 
MORE...contoct DOERR! Expanded 
line includes ratings from 1/30 to 15 hp. 
Specials are our specialty—backed by 
nation-wide, expert field service. Phone 
Cedarburg 801 or write... 


94 N. FOURTH AVE. + CEDARBURG, WIS. 
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name your shape! 


The fabrication of precision parts of industrial ce- 
ramics is a specialized job...and STAR specializes 
in it! There is practically no limit to the variety of 
shapes we can turn out to meet your simple or 
intricate specifications precisely .. . economically. 
Select, too, from a wide variety of ceramic composi- 
tions. Sample, blueprint or sketch, with 

details of operation will bring you 

complete information. Write today. 


" STAR 


porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 
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SUBMINIATURE 
TOGGLE 


For simple 

or complex 

circuit controls — 
single-pole to eight-pole, 
double throw. 


Choice of 
two-, three-, or five-position toggles 
in various combinations 


Basic switches 
meet MIL-S-6743 
and MS-25085-1. 


Electrical Ratings 

3 amps. 30 v.d-c, 
inductive 

5 amps. 30 v.d-c. 
resistive 

5 amps. 125/250 
volts a-c. 

Free 

Catalog 159 

describes 

complete line 

of UNIMAX 

subminiature 

switches. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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dial. One is the impulse contact which produces a number 
of pulses corresponding to the digit dialed. A normally 
closed shunt contact provides a continuous circuit around 
the impulse contact when a number is not being dialed, 
and a normally open shunt contact provides an auxiliary 
circuit to energize relay JOCR to indicate that a number 
is being dialed. 

The pulses from the dial energize and de-energize relay 
ICR a certain number of times, depending on the number 
dialed. The relay, in turn, supplies the same number of 
pulses to the dial storage stepping switch, CRDS, whose 
two decks of contacts are connected to the tape-reading 
circuits. Thus, dialing a number corresponds to closing 
the appropriate contacts in the tape reader so that the 
relays ICR SCR is 


proper combination of through 


energized. 


D-C Torque Motors 
for Servo Applications 


(Continued from page 80) 


or torque application involving small output displace- 
ments, the hysteresis is much reduced. In some cases, 
it may be only half as great as it would be if full output 
displacement occurred. This is due primarily to reduced 
flux change in the armature when the armature remains 


for fast dip-coating of parts 
in powdered coating materials 


ARMSTRONG VIBRO-FLUIDIZERS 


S PECIFICALLY designed for 

coating objects by the fluid- 
ized-bed process. Consists of vessel 
with porous ceramic floor, for 
containing the powdered resinous 
material and an adjustable air tur- 
bine driven vibratory unit from 
passes up 
desiccant cartridge and 


which air (or gas) 
through 
through ceramic floor of vessel. 
Powdered material has the ap- 
pearance of a liquid. 
Coating process consists of dip- 
ping a pre-heated article into the 
fluidized 
terial for a few seconds. 


boiling 


powdered coating ma- 


Ideal for laboratory use in testing commercial powders 
and developing new powders. For factory production, to 
economically coat small parts. Two sizes: Model B, 1.8 
gal. capacity and Model C, 3.8 gal., complete as shown, 
with flowmeter and frequency indicating vibrating reed. 
Send for literature. 


Sa nL RED 


319 ARGONNE RD., WARSAW, INDIANA 
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essentially in its null position as compared to the much 
greater flux change in the armature when it is fully 
displaced. Magnetic hysteresis is thereby reduced. 
Electrical Characteristics. Torque motors may be 
equipped with coils ranging from a small number of 
turns and a few 
of turns and several thousand 


ohms resistance to many thousands 
ohms resistance. The 
greater the number of turns (and resistance), the less 
input current is required to operate the device. Since 
the torque electromagnetic device, the 
ampere-turns supplied must be kept constant in order to 
obtain the specified torque or force. Due to the manner 
in which the resistance of the coil varies with the number 


motor is an 


of turns of different diameter wire employed, the torque 
motor is very nearly a constant power-input device. That 
is, to obtain a given amount of output torque or force 
must be 
supplied so that the /°R loss in the torque motor is very 


with various possible coils, enough current 


nearly a constant. 

Naturally, the inductance of the coils also varies with 
the number of turns, as do several other less obvious 
electromechanical parameters which are related to the 
transformer action between the two coils and to the 
electrical equivalent of the dynamic mechanical charac- 
teristics. In some wide-band applications, the time lag 
caused by the inductance of the coils is important. In 
such cases, it is desirable to minimize the inductance and 
maximize the resistance of the coil circuit so that the 
L/R ratio is minimized. This is usually accomplished by 
specifying the smallest possible number of turns in the 
coil and the highest possible output impedance of the 


aii? 
ULL eee 
METHODE 


With the newest and largest facility in the industry, Methode, 


long a leader in volume production, is now in position to 
give special attention to short run as well as large 
quantity printed circuit requirements 


PROMPT QUOTATIONS— 


DEPENDABLE DELIVERY— 
RELIABLE PRODUCT— 


Printed Circuit Hand book upon request 
U ; 


METHODE Mfg. Corp. 


7447 W. Wilson Ave. 
CHICAGO 31, ILLINOIS 
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FAWICK SAFETY CLUTCH CONTROL in- 
stalled on hand-fed press at Whirlpool 
Corporation plant, St. Joseph, Michigan. 


Mr. Robert Kunde, Safety Engineer at 
Whirlpool, describes the installation—“As 
part of our continuous safety program, we 
are installing FAWICK SAFETY CLUTCH 
CONTROLS to provide our workers and our 
equipment with the best possible protection 
against injury or damage caused by un- 
scheduled repeat operation of presses.”’ 


another Fawick First! 


.,. the new “fail-safe” 
press and automation control 


Press owners and operators alike are very enthusiastic about 
the new Fawick Safety Clutch Controls (Andrus-Coon 
System). This outstanding development prevents ‘‘unsched- 
uled” repeats in press operation, with a “fail-safe” system 
that eliminates possibility of component operation failure. 

The Fawick Safety Control utilizes a dual system, with two 
completely independent sets of controls and all systems and 
circuits so established, either before or during the operating 
cycle, that two complete and separate control systems are 


functioning at the time the ‘‘automatic stop” (at the top of 


the stroke) is required. The mathematical law of probability 
of simultaneous failure of two similar (or even dissimilar) 
devices in this system has been calculated conservatively at 
one (1) in 110,000,000,000 cycles. This great safety advance- 
ment is available for installation on new equipment or that 
being re-newed or overhauled. 

For complete details on the Fawick Safety Clutch Control 
call or write your nearest FAWICK representative or the Home 
Office, Cleveland, Ohio. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 
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INDUSTRIAL CLUTCHES AND BRAKES 





Circle 186 on page 17 





driving amplifier. In practice, the L/R ratio of the coil for 
a given torque motor, using a constant power-input cri- 
terion to select the coil and neglecting driving-source 
impedance, is a constant. 

Coil resistance, coil inductance, and driving current 
requirements are frequently shown by means of a plot 
similar to that given in Fig. 7. By means of this type 
of graphical presentation, the torque motor may be elec- 
trically matched to the driving amplifier with a mini- 
mum of effort. 

Environment. As a result of a substantial amount 
of development work, torque motors have been improved 
to the point where models are available which will work 
satisfactorily in extremely unfavorable environments. 
Units are being built to operate in an ambient tempera- 
ture of 375 C (700 F). Units have also been built which 
operate satisfactorily for long periods of time immersed 
in synthetic hydraulic oils at elevated temperatures; e.g., 
silicate-ester-based fluids at 325 C (600 F). 

Torque motors are also available for use in radio- 
active environments. Most of the applications involving 
high ambient radioactivity levels also involve relatively 
high temperatures. As temperatures are pushed higher 
and higher, some of them approaching the Curie point 
for the magnetic materials involved, it begins to look 
as if some other approach to torque-motor design must 
be employed. Very probably this other approach will not 
employ permanent magnets for polarization, but will use 
electromagnets to accomplish the same effect. The per- 
manent magnets would seem to be undesirable not only 
because of temperature effects, but also because of radia- 
tion effects on the cobalt content of the magnet material. 


While these new designs may not initially be as efficient 
in terms of space and weight requirements as the present 
permanent-magnet units, there is good reason to believe 
that units can be built which will operate satisfactorily 
at temperatures in excess of 550 C as well as withstanding 
high radiation levels. O00 


Tests for Smooth-Running 
Rolling-Contact Bearings 


(Continued from page 106) 


small as 1% in. diam, this is equivalent to several hundred 
wavelengths per circumference. 

Waviness pickups have tips with contact areas large 
enough to bridge the furrows which form surface 
roughness. The tip material is relatively soft and occa- 
sional ridges of unusual height are “absorbed” into the 
tip material by elastic deflection so that an envelope of 
the rough surface is actually being traced. This envelope 
will show the waviness but not the surface roughness. 
For an indication that surface roughness of the parts is 
not influential in determining vibration of the bearing, 
consider that the surface roughness of both types of 
halls indicated in Fig. 6 was essentially the same. Never- 
theless, these balls produce vibrations of widely differ- 
ent magnitude that correlate with the waviness values. 
It could also be shown that the effect of surface rough- 
ness of the ring grooves is equally negligible. OOO 


STANDARD 
PARTS 


no tooling 


‘.. an infinite variety of standard plastic parts 
plus complete custom molding facilities 


HARRY DAVIES MOLDING COMPANY 


1428 N. Wells Street, Chicago 10, Illinois 
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DATA 


Altitude Insensitive—Moisture Resistant 

Resistant to Shock and Vibration 

Resistant to Nuclear Radiation 

Connectors: Series N, C and SC 

Impedance: 50 Ohms 

Capacitance: 30.0 uuf/ft. 

Velocity of Propagation: 69.0% 

Voltage Breakdown: 3500 Volts RMS 

Maximum Operating Voltage: 1000 VRMS 

Weight: Cable, 17.5 pounds per 100 feet 
Connectors, 2% ounces each 


CABLE & WIRE DIVISION 


Amphenol-Borg Electronics Corporation 


A flexible RF cable that will operate conti 


a 
1000°F is ready now for missile, aircraft, spa 


and other ultra-high temperature applications 


pable of short time excursions to higher tempe 
* ss 
tures, the cable is a sealed RF transmission 


complete with connectors. It is available in st 


lengths up to 200 feet. (Patent Pending) 


Delivery: Three to four weeks! 


AMPHENOL CABLE & WIRE DIVISION 
South Harlem Ave. at 63rd St., Chicago 38, Illinois 


COMPANY 


Send additional engineering information 
Have AMPHENOL Representative contact me 


ADDRESS 





1000°F FLEXIBLE RF CABLE 


PHYSICAL CHARACTERISTICS 


DESCRIPTION CONSTRUCTION DETAILS 


Inner Conductor Stranded coated oxygen-free, high-conductivity copper wire. 


om eee 


Cable Core Modified semi-solid silica. 


Outer Conductor Single braid, AWG size 32 coated oxygen-free, high-conductivity copper wire. 


Jacket Flexible special metal alloy. Nominal overall diameter: .525”. 


FLEXING CHARACTERISTICS 


Cable can be bent on a 10X mandrel (bend diameter—10X diameter of cable). 
Cable dielectric shows no deterioration after 30,000 cycles of bending over 
10X mandrel in accordance with specification MIL-C-915. 


100 FT 


ATTENUATION 08 
ATTENUATION—DB/ 100 FT 


PREQUENGY (MC/S) TEMPERATURE °F 


A aniiacadiboalinardtssiiall A ‘ eee J it 
2 25 3 4 5 6 7 8 9 1000 1s 2 2s 3 4 2 3235 3 a $5 6 7 8 9 100 is 2 2s 3 4 5 6 7 8 9 1000 


ATTENUATION VS. FREQUENCY AT ROOM TEMPERATURE, ATTENUATION VS. TEMPERATURE AT VARIOUS FREQUENCIES 
700°F and 1000°F 


(See Other Side) 


CABLE & WIRE DIVISION 


Chicago 38, Illinois 
Amphenol-Borg Electronics Corporation 





Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MAnurac- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 


Reader Inquiry Service Section be- 


Relay Test Code Advanced, July 
1959. 10 pages. The gist of relay 
design and application discussions 
at the Seventh National Confer- 
ence on Electromagnetic Relays. 
Many of the technical papers and 
the reports of the NARM Relay 
Test Code committees are sum- 
marized. (714) 


D-C Torque Motors for Servo Appli- 
cations, July 1959, 6 pages. Usage 
of the torque motor, a type of elec- 
tromagnetic transducer, has grown 
rapidly in the last few years. 
Theory of operation and notes on 
application of commercially avail- 
able units are given. (730) 


Construction and Use of Alignment 
Nomograms. June 1959, 5 pages. 
The advantages of alignment 
nomograms over Cartesian curves 
for many engineering purposes are 
related. Specific procedures for 
constructing alignment charts are 
outlined, with supporting examples 
being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components. June 
1959, 5 pages. A review of major 
types of pressure-sensitive electrical 
tapes, with emphasis on new tape 
materials and their effect on appli- 
cation problems. Areas of applica- 
tion are summarized and_ test 
methods listed. (703) 

Clad and Laminated Metals—Their 
Design Potentials. June 1959, 7 

pages. Presented are examples of 

areas of application of combined 
metals. Combinations by cladding 
and laminating give, for certain 
applications, a superior product 


JULY 1959 


ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
] Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


which yields the best properties of 
each constituent metal. Treated in 
this article are the precious and 
rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 
1959, 6 pages. Major insulating 
varnish types are identified, their 
properties and application areas 
evaluated, and compatibility with 
other elements of electrical systems 
analyzed. Emphasis is given to in- 
sulating varnishes as key com- 
ponents in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching 
as it is applied in machine control 
systems. Includes theory of switch- 
ing circuits and how various types 
of devices are used. Units supplied 
by various manufacturers are also 
described. (714) 


Overcurrent Protection of Semicon- 
ductor Rectifiers, April 1959, 9 
pages. Overcurrent protection tech- 
niques. Examples of fault protec- 
tion for circuits with and without 
current-limiting impedances, and 
for circuits which provide inter- 
rupted or non-interrupted service 
upon rectifier cell failure. (739) 


Load Factors in Selection of Eddy- 
Current Drives, April 1959, 7 
pages. The various forms of eddy- 
current couplings and brakes have 
particular characteristics. These, to- 


gether with the nature of the me- 
chanical load, must be considered 
in selecting drive components and 
electrical controls for a drive. Load 
and drive factors are discussed to 
illustrate drive selection. (727) 


High-Temperature Characteristics of 
Thermosetting Laminates. April 
1959, 6 pages. Representative 
grades of NEMA plastics laminates 
(including the phenolic, polyester, 
silicone and epoxy-resin types) have 
been evaluated at the Johns Hop- 
kins University for electrical and 
mechanical properties at tempera- 
tures through 250 C. The results of 
this evaluation are summarized in 
this report, including tabular and 
chart data, (706) 


Editorial Index to Electrical Manu- 
facturing for 1958, 24 pages. This 
yearly subject-classified index is 
completely annotated. Includes an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject-clas- 
sified index to all the feature arti- 
cles, this booklet provides an author 
index and also reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and the 
Alphabetical Subject Cross Index. 

(737) 


Progress in Micro-Module Develop- 
ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing significant ac- 
complishments in the Signal Corps 
Micro-Module Program. Details of 
micro-element development are 
given and preliminary modules 
and modular assemblies are illus- 
trated. (736) 


Electromagnet Copper-to-Iron Ratio 
for Optimal Design, March 1959, 
4 pages. The design of an electro- 
magnet by analysis instead of by 
successive approximation permits 
determining the best ratio of cop- 
per to iron. Details of the method 
are illustrated using a continuous- 
duty d-c tractive magnet as an 
example. (720) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magne- 
tism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
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FRIDEN MODEL SRW... 


does a problem that once 
was tedious, complex 


SQUARE ROOT 
...@ppears automatically 
in the dials of Friden 


Model SRW when you touch one key 


SEE HERE HOW IT'S DONE 


Set number from which Touch Square Root key See root appear in dials. 
1 root is to be taken on 2 corresponding to posi- 3 This figure can be re- 
Friden SRW keyboard tion of decimal point tained on keyboard if 
in the radicand desired for further cal- 
culation. Need for copy- 
ing root is eliminated 


For the first time on any desk calculator Friden Model SRW pro- 
vides touch-one-key extraction of square root. This of course is in 
addition to all standard Friden Calculator features. Thus Friden 
Model SRW is The Thinking Machine of American Business PLUS. 
It performs more steps in figure-work without operator decisions 
than any other calculating machine. Can you use one? 


© 
... WORKS THE WORLD'S 
| FIGURE-THINKING PROBLEMS 
AUTOMATICALLY 
Friden sales. service and instruction available throughout the U.S. and the world 
...Friden Silver Anniversary + 1934-1959 
Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 


extraction feature does higher mathematics including 
triangulation, statistics. Free—no obligation. 


FRIDEN, Inc. Dept. EM-759 
San Leandro, California 


Please send Square Root Calculations Manual to: 
Name 
Company 
Address 
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soft magnetic alloys and new mag- 
netic devices. (702) 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 


“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control probiems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in Dielectrics — 


1958, January 1959, 10 pages. Re- 
view and _ interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 
systems, radiation effects, and re- 
lation of molecular structure to 
properties. (729) 


Designing Optimum Inductors with 


Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 
permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An- 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 


case. (701) 


Perforated Storage Media, December 


1958, 9 pages. Survey of primary 
punched tape and card system: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A_ basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Techniques of Cooling Electronic 


Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
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Your 
choice 
of 


mounts 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 


dependable quality and performance that has made Decco the top 


name in industrial solenoids. 
There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


current 


to your requirements. Let us discuss your problems. cial 


For complete information write— 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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High Temp 





New customers frequently ask if we can deliver the goods 
as fast as we claim in our ads. Invariably they are pleasantly 
pe surprised when we prove it. 
SILICONE 
RUBBER 
WIRES 


AVAILABLE 


Super-Temp is the industry’s most completely integrated 
plant for wire and cable production and can offer a full line 
of standards or quickly produce to special requirements. 







Dependability and speedy delivery are guaranteed. Our prod- 
ucts are quality controlled and meet military specifications 
with wide margins of reliability. If you have a high temper- 
ature wiring problem, call Super-Temp. You too, will be 
pleasantly surprised with the immediate interest and quick 
shipment. 


NEED IT FAST? . . . SEE SUPER-TEMP FIRST! 


MAGNET WIRE - LEAD WIRE - MINIATURE CABLES - JUMBO CABLES 
LACING CORDS - TUBING - SPECIALTY WIRE - TEFLON TAPES 


@S SuperTewp 


American Super-Temperature Wires, Inc. 
26 West Canal Street Winooski, Vermont . University 2-9636 
General Sales Office: 195 Nassau St. * Princeton, N. J. * Walnut 4-4450 


= 
FREE | 
Send For 
Valuable 
NEW 64 
Page 





“DuPont's TFE Resin Agents in principal electronic manufacturing areas 
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of heat removal in electronic equip- 
ment. Part I covers cooling theory 
and methods and techniques of 
temperature measurements. Types 
of cooling are discussed. Part I] 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection, 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 
are included. (712) 


Effects of Temperature on Magnetic 


Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and. coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to +250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 


vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and illustrated. (735) 


Electronic Materials and Components 


for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


The Space Environment—A Prelimin- 


ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and _ the 
earth’s magnetic field. (710) 


Treating Transfer Functions on Ana- 


log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
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THE INDIANA STEEL PRODUCTS COMPANY 


WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


JULY 1959 





on your development team 


Application of permanent magnets in micro- 
wave devices has resulted in vastly improved 
performance, lower costs and greater stabil- 
ity. Since the early days of micro-wave 
research, The Indiana Steel Products Com- 
pany magnet design engineers have worked 
closely with leading manufacturers, provid- 
ing expert help in developing special-purpose 
permanent magnet assemblies for such 
applications as radar magnetrons, backward 
wave oscillators, pm-focus traveling wave 
tubes and load isolators. 


VALPARAISO, INDIANA 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario Se 


INDIANA 
PERMANENT 
MAGNETS 


A discussion with permanent magnet 
specialists at The Indiana Steel Products 
Company may be just the stimulus your 
new design efforts need — or perhaps you’ll 
find a way to improve your present products. 
In any case, you can be sure of this — 
nobody knows permanent magnets like 
Indiana. And, because Indiana produces all 
permanent magnet materials, Indiana design 
engineers are well qualified to recommend 
the one best material for your design. Why 
not call in an Indiana man today? 


ai RR 


FREE DESIGN MANUAL 


Write TODAY for important free, 
new catalog for micro-wave design 
engineers — “Alnico Load Isolator 
Magnets,” which describes shapes 
and sizes, magnetic properties and 
performance characteristics of this 
complete line of Indiana permanent 
magnets. Ask for Catalog No. 20B-7. 
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Type “AK” Relay 


Highly sensitive, adaptable for mar- 
ginal operating; provides fast closing 
and opening of maximum number of 
circuits ... long coil construction per- 
mits use of high resistance coils... 
may be engineered to operate on as 
little as .002 amps; slow operate or 
slow release models available. 


Mercury-switch relay 


For hazardous atmospheres: contact- 
ing elements hermetically sealed... 
will handle maximum of 25 amps., at 80 
volts... must be mounted horizontally. 


Duo-Quintet Relay 


Designed for application as a memory 
device ...can also be used in binary 
or binary decimal storage. 


Magnetic Impulse Counter 


Used to solve switching or control 
problems where the intelligence is 
supplied in the form of a series of 
electrical impulses... wide applica- 
tion in industrial control, computer 
design, telephone, microwave selective 
signalling and telemetering. 


Type “L” Relay 


A small version of telephone type re- 
lay ... retains flexibility, sturdy con- 
struction and reliability of standard, 
telephone type relays, yet compact, 
lightweight and extremely versatile. 


The “4000” Relay 


Built to fulfill exacting requirements 
demanded by the modern industrial 
control designer...a high quality, gen- 
eral purpose, telephone type relay, 
with long life and extreme reliability. 


Kellogg will gladly engineer relays 
to meet any application—call 
Kellogg — or write — for full infor- 
mation on the complete Kellogg line 
of relays, components. 





CHICAGO, ILLINOIS TT | 


Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, Ill. 
Communications Division of 
international Telephone and Telegraph Corporation 
Manufacturers of: Relays 

Hermetically Seaied Relays + Switches 
Miscellaneous Telephone Type Components. 
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initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer. (728) 


Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
piv, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 
Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic. 
ferritic and austenitic alloys are 
reviewed. (725) 


Ferrites for High-Power R-F Tuning. 
August 1958, 12 pages. The re 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Dvnamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 


Circle 194 on page 17 > 





Brush 6-8 channel 
recording system 


RECTILINEAR ... COMPACT 
PRECISE... SIMPLIFIED! 


‘Tue new Brush 6-8 channel recorders are 
designed to give highest reliability and pre- 
ciseness to readouts for telemetry, computer, 
ground control and other data gathering 
systems—with a maximum of simplicity. 


A Complete 6 or 8 channel system includes 
slide mounted oscillograph—signal condition- 
ing amplifiers—requires only 20” of rack height. 

B Interchangeable plug-in signal conditioners. In 
addition to amplification, four important func- 
tions are provided: high input impedance, 
zero suppression, attenuation and calibration. 


C “Pull-out” horizontal writing table permits 
convenient annotation, reading and control 
—without removing chart paper or turning 
off recorder. 


D Rectilinear presentation gives clear, uniform 
and reproducible traces for simplified analysis 
and interpretation. Excellent resolution at all 
amplitudes and recording speeds. 


For further details or application assistance, 
contact your Brush factory branch or engineering 
representative. 
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for faster assembly, uninterrupted production . . . 


Use TOUGH, UNIFORM, ACCURATE 


Ceramic Parts from 


Defective, bad-fitting components slow 
down assembly, make for inefficient pro- 
duction. The result is higher overhead, 
lower profits. 


But—Wisconsin Porcelain Co. can 
help you keep costs at a minimum by 
providing you with highly uniform por- 
celain, refractory, steatite or filter body 
parts. Wisconsin Porcelain Co. has over 
40 years experience in efficient and eco- 
nomical production of ceramic parts to 
meet your exact needs. 


Wisconsin Porcelain Co. 


Find out for yourself what Wisconsin 
Porcelain can do for you. Send us your 
ceramic parts requirements today. A 
sample or blueprint will do. You'll get 
a prompt reply. 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN Porcelain Co. 
115 Market St., Sun Prairie, Wis. 


in the Chicago Industrial Area 
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STOTT MM LPO E ITN 
BETTER CONNECTIONS 


JONES BARRIER 
TERMINAL STRIPS 


Oct | eM etl ee le aM a eh 
gl ee MC ee 


No. 2-142 


No. 2-142-%4W 


between terminals. Binder screws and terminals brass, 
nickel-plated. Insulation, black molded bakelite. Finest 
rie al ee Me i a 


Jones Means Proven Quality 


No. 2-142-¥ 


\llustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above 
Panel with Solder Terminal below. Every type of connection. 


Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No. 
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, '/,-28 screws. 


Catalog No. 22 lists complete line of Barrier Strips, and other Jones Electrical Con- 


necting Devices. Send for your copy. 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 


“HICAGO 24 


DIVISION OF UNITED-CARR 


LINOIS 
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FASTENER CORP. 


for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


British Magnetic Amplifier Develop- 


ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Combined Analog-Digital Control Sys- 


tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters: hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10-$6.00; 25-—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to ELec- 
TRICAL MANUFACTURING, 205 East 
42 Street, New York 17. (724) 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining — 


New Components and Materials 


Additional data from the sup- 


plier of any item reviewed. 
Literature for the Design 
Engineer 

A copy of any manufacturer's 

publication reviewed. 
Feature Article Reprints 

Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 
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Nickelectric News 


DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS 2 





Nickel 
Copper 


@ 


Nickel-clad copper wire boosts plug reliability 

. provides high electrical, thermal conduc- 
tivity plus excellent oxidation resistance in 
center electrode. 


Inconel “713C” alloy stands up to fiery blast 

. this Inco Nickel Alloy, developed for tur- 
bine blades, is suitable for work in many high- 
temperature areas. a 








Ambient temperature ceilings go 
up with advent of a bi-metal wire 
and 4: unique new Nickel alloys 


NEW YORK, N. Y. The drive to conquer space is giving impetus to the development 


of spectacular materials for electrical “hardware”... 


materials capable of 


withstanding the high ambient temperatures and explosive environments often 
associated with million-pound thrust engines, missile re-entry, and the absence 
of convection cooling in near-perfect vacuums. 








“Half-pint” transformer good 
for 50,000 hours at 392°F 


Monel* nickel-copper alloy helps 
make it rugged and reliable 


ALPHA, NEW JERSEY: Miniaturization 
is advanced another step in the new 
“Hornet” power transformers made by 
New York Transformer Co., Inc. They 
are only one-fourth the size and weight 





Monel base plates on midget transformer give 


it strong, lasting support... resistance to cor- 
rosion, hard knocks and fatigue cracking. 
Plates are readily stamped, formed, welded. 


of comparably rated Class “A” trans- 
formers, but have the same regulation 
and efficiency. 

One design feature that helps give 
50,000 hour life to these “little giants” 
is their stamped mounting plates of 
Monel alloy. This alloy is strong, tough 
and corrosion-resisting. It’s also re- 
sistant to oxidation, deformation, ther- 
mal shock and fatigue cracking at the 
rated 392°F, on up to 600°F. In fabri- 
cation, Monel alloy is readily stamped, 
bent, soldered, welded. 

Pertinent Literature: Write for Inco 

Technical Bulletin T-5—“Engineering 

Properties of Monel and “R” Monel.” 
Circle 198 on page 17 
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Nickel leads, welded 
directly to tantalum, 
boost capacitor ruggedness 


TeEx.: For maximum reliabil- 
Texas Instruments tan-TI- 
capacitors depend on leads of 
Electronic-Grade “A’* Nickel. This 
strong, tough nickel wire, welded 
soundly and easily to the tantalum 
stubs, helps provide the good connec- 
tions needed to withstand mechanical 
and thermal shock. 

Electronic-Grade “A” Nickel is highly 
resistant to oxidation and corrosion. 
What’s more, it provides tight her- 
metic seals (note figure below) and 
speeds unit installation. Another Nick- 
el-containing material, Kovart nickel- 
cobalt-iron alloy, is also used to assure 
tight metal-to-glass seals. 
Pertinent Literature: Write for 
Technical Bulletin T-15. 
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Lead wires of Electronic-Grade “A” Nickel 
strengthen this new tan-Tl-cap Solid Tantalum 
Electrolytic Capacitor 


Among these high-temperature ma- 

terials, a Nickel-clad copper wire and 
four Inco Nickel Alloys offer outstand- 
ing reliability. 
Nickel-clad copper wire. A metallurgi- 
cally bonded bi-metallic wire formed 
by sheathing copper wire with Elec- 
tronic-Grade “A” Nickel tubing, then 
drawing down to size. Finished wire 
combines the high electrical conduc- 
tivity of copper with the better oxida- 
tion resistance and strength of Nickel. 
Uses for this wire in operating tem- 
peratures around 1000°F include cen- 
ter electrodes in aircraft spark plugs 
(see photo far left), lead wires in dry- 
ing ovens and in electric furnaces. 

Nickel-clad copper wire is commer- 
cially available in several combina- 
tions of Nickel-to-copper percentages 
and with electrical insulation that can 
withstand 1000°F. Copper wire clad 
with other Inco Nickel Alloys is also 
available in many sizes. 

Inconel “713C”* nickel-chromium cast 
alloy. Outsinadion rupture strength 
up to 1700°F; exceptional thermal fa- 
tigue resistance. Excellent investment 
casting metal. (Photo middle left.) 
Inconel “*702”* aluminum-containing 
nickel-chromium alloy. Provides excep- 
tional oxidation resistance at extreme 
temperatures up to2400° F. Mechanical 
properties are improved from room 
temperature to 1500°F by age harden- 
ing. Readily forged, machined, welded. 
Incoloy “901°* nickel-iron-chromium 
alloy. Delivers high tensile, creep, rup- 
ture strengths in the 1000° to 1400°F 
range. Can be joined to many alloy 
steels because of compatible thermal 
expansion characteristics. 

Incoloy ‘*T’’* titanium-containing 
nickel-iron-chromium alloy. Outstand- 
ing oxidation resistance up to 1700°F. 
Readily formed and welded. 

For names of producers of Nickel- 
clad copper wire who will gladly fur- 
ish full details, write to Inco now. 


For data on. Write for Folder No. 


Inconel “71: 1c P Ns crack @aels 135-B 
rneone) “TOS” QUOP 6.6665. cckees 138-B 
Inconel “901” alloy............ 139-B 
SOON EN GMO vx ccca enue 133-B 
*Registered trademark, The International Nickel 
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Special Reprint Service 





Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 


include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to ELECTRICAL MANUv- 
FACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 


ing prices (which inciude shipping 
charges) per copy apply: 


Reprint Title Quantity 

5 25 

The Electric Field 90.75 
Shock and Vibration 90 3.75 
Key to Metals 90 3=.75 
Heat Flow Theory 90 .75 
Ferromagnetism 90 to 
Fourier Analysis 80. 18 
Semiconductor Theory Dm 1% 
Boolean Algebra 1.80 1.60 


Slide Rule Mathematics .90 
Casting Resins 1.75 1.50 

Prices for larger quantities are 
available on request. 


i) 





The Electric Field (an Electrical Ap- 
plied Physics Monograph) July 
1959, 12 pages plus cover, Con- 
tents include discussions of the 
following: 

e Electrostatics: the concept of 
forces between charges at rest; 
the theory of an_ electrostatic 
force field surrounding a charge, 
and a mathematical description 
of the field in terms of intensity 
vectors. 

e Electric Fields in Free Space: 
the effects of movement of a 
charged particle about an elec- 


tric field and definitions of the 
energy changes involved _ in 
terms of charge and work. It is 
shown that the potential at a 
point is a unique function of 
position. 

e Electric Induction: discussion of 
the inverse-square law in terms 
of the Gaussian theorem; the 
distribution of point charges; 
equations of Laplace and Pois- 
son. 

© Capacitance: the effect of dielec- 
tric on field distribution. The 
mechanism of polarization. 


ORDER FORM 


Pl_ase enclose remittance (cash or check) with your order. 


No. of 
copies 


The Electrical Field 


Fundamental Nature of Shock and Vibration aces 


Key to Metals in Design Engineering —_ 


Heat Flow Thoory 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory ——n 


Slide Rule Mathematics: 


Casting Resins and Application Techniques ss 


Total Copies . 


~ Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


NAME 
COMPANY 
ADDRESS 


CITY 
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| 
| 
| 
| 
| | 
| 
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| 
| 
| 
| 
| 
| 
| 
| 
| | 
Engineering Applications of Boolean Algebra —— | 
| Five-Year Annotated Editorial Index acme | 
| | 
| 
| | 
| | 
| 
| 
| 
| 
| | 
| 
| | 
| 
i | 
| | 
| 
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| 
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TITLE 


e Mechanical Considerations: phy- 
sical stress on the surface of a 
conductor and on a_ dielectric 
interface. 

e Field Effects in Devices: piezo- 
electric devices, capacitive trans- 
ducers, vacuum tubes, semicon- 
ductor devices. 

Written by Paul G. Jacobs, Asso- 

ciate Editor, ELecrricaAL Manvu- 

FACTURING, $1.00 


The Fundamental Nature of Shock 
and Vibration: Theory, Character, 
and Mechanism of Damage, Prin- 
ciples of Testing. June 1959, 20 
pages plus cover. In this “Basic 
Science and Engineering” article, 
basic factors are discussed, ana- 
lyzed and related to the function 
of equipment and system design. 
The nature of shock and vibration 
is given in terms of classical phys- 
ics and mechanics. The major 
types of vibration are discussed 
(periodic, random, structural and 
airborne); also the major types of 
shock (velocity, simple impulse, 
single complex and _ multiple). 
Combined environments are also 
treated. A section is devoted to the 
effects of shock and vibration or 
missile electronic components. 
Types of damage are tabulated 
and analyzed; principles of testing 
are given; specifications are sum- 
marized. An_ extensive Glossary 
and Bibliography are included. 
Author is Dr. Irwin Vigness, Head, 
Shock and Vibration Branch, Me- 
chanics Division, U. S. Naval Re- 
search Laboratory. $1.00 


Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic princi- 
ples of metallurgy are presented. 
Structural characteristics of metals 
are explained and related to design 
concepts. Physical and mechanical 
properties of metals are defined and 
illustrated by tables and charts. The 
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UNIFORMITY... 
the common factor in all Auto-Lite Magnet Wire 
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HIGH-SPEED MACHINES like this Universal require 
wire of extreme uniformity, both in the drawing of the 
conductor and in the application of the insulations. 
Here’s where Auto-Lite uniformity pays off with 
increased production. For continuity, windability, and 





a reliable space factor, specify “‘Auto-Lite.” 


You can depend on the uniformity, quality and 
reliability of the complete Auto-Lite Magnet Wire line 


LectALite® 





LectALite, developed especially for 
hermetic use, is 20° to 25° higher in 
heat aging than vinyl-acetal coating 
and has outstanding resistance to 
chemicals. 


IsALite 





Polyester film insulation having out- 
standing high-temperature stability. 
Class F 155°C rating. Test conducted 
per ALEE-57 and MIL-W-19583. 






ENAMEL 


Most economical wire for thousands 
of Class A applications. Good adher- 
ence, flexibility, thermal stability, 
and solvent resistance. Excellent for 
use in small relay coils, ignition coils, 
many types of transformers. Espe- 
cially satisfactory for coils where 
layers are separated by paper. Avail- 
able in all gauges. 


AUTO-L 
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DacrALite 





DacrALite is a double wrap of glass- 
dacron fibers over bare conductor. 
Available also over film insulations, 
in square or rectangular. 


SodALite® 





Easily soldered without stripping by 
conventional dip, iron, torch, or gun 
methods. Offered in Class A 105°C 
magnet wire. 






FORMVAR 


Excellent abrasion resistance and 
toughness. Film adheres well to the 
copper conductor and withstands 
excessive elongation of the wire 
during winding without rupture. 
Good space factor and high dielectric 
strength make Formvar an excellent 
choice for high-speed operations. 
Available in all gauges. 
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® Plants at: Hazleton, Pennsylvania e 


BondALite» 





Coated with a film of thermoplastic 
bonding material over insulated round 
copper wire. For use in any coil 
winding requiring a self-bonding 
magnet wire. 


NyALite» 





Formvar with nylon over-coat. The 
Formvar maintains the moisture 
resistance while nylon adds craze 
resistance and windability. 


SEND FOR THIS NEW, 
COMPLETE MAGNET WIRE CATALOG 


GENERAL PRODUCTS GROUP 


WIRE AND CABLE DIVISION ® 


TOLEDO 1, OHIO 


Port Huron, Michigan 
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e e ’ nature and specifications of metals 

man i icU t are detailed for better understand- 
ing of current literature. The effects 

eeceeesececeeeeeeee of environment and mechanisms of 

damage are shown and illustrated. 


e 

Iron and steel, alloys of aluminum, 
requiremen Ss eee precious and rare metals, copper, 

nickel and magnesium are _pre- 
sented in their basic design re- 
lationships to fundamental proper- 
ties. Written by S. H. Avner, N.Y.C. 
Community College, and Harold E. 
Barkan, Associate Editor, Evrc- 
TRICAL MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 
pages. A concise review of the 
major analytical techniques that 
have been developed over the years 
to solve one of the commonest gen- 
eral problems in electrical and 
mechanical design—heat dissipation 
or thermal rating. Basic equations 





for conduction, convection and ra- 
diation are derived. Dimensional 
analysis is used to establish the 
parameters and the various “num- 
bers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples from electrical and 
electronic (transistor) applications 
are worked out to pinpoint the 
theory and to upset some precon- 
ceived notions. Written by Allan D. 
Kraus, an electrochemical engineet 
eee : : yresently working on heat transfer 
We illustrate the cast bronze cam block for a hydraulic pump operating iene at Sperry Gyroscope Com- 
the hydraulic lift mechanism on an exceedingly well-known line of farm pany, who has drawn on a wide 
tractors. background in solving heat flow 
— ; ; : : problems. $1.00 
[he manufacturer of this equipment has very unusual specifications for 
this cam block. Its bore has a very fine finish specification. It also must be Fundamentals of Ferromagnetism, 
round and true to size within unusually close limits. In addition, it must March 1959, 32 pages. A new ap 
be square to the face of the cam block within limits that ordinary methods proach to the study of magnetism, 
: ; 7 derived from modern solid-state 
of manufacture will not attain. ae ; : 
physics. Explains magnetic behav- 
Bunting methods of manufacture result in a part which is completely to ior and properties of magnetic 
the customer's exacting specifications. materials in terms of fundamental 
electron interactions, Includes: 
For the unusual, as well as the usual, in bearings, bushings, bars, or special © Origins of Ferromagnetism. Mag- 
parts of cast bronze, sintered metal, or Alcoa aluminum, see Bunting first. netic moments, atoms, solids, 
BUNTING SALES ENGINEERS in the field and a fully staffed ee ae eatee : 
Product Engineering Department are at your command with- . on ot r r etn aye > Pon 
out cost or obligation for research or aiding in specification : eel Mat ile e U , ia 
of bearings or parts made of cast bronze or sintered metals ie alae tie ia 
for special or unusual applications. domain walls and domain wall ° 


formation. 

e Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 
loops. 

e Time Effects in Soft Materials. 
Eddy currents, energy loss in 
magnetic systems. 

e Effects of Atomic Ordering in 


Gtk 00 WUle FOL YOU COPY Of--. 


Bunting's “Engineering Handbook on Powder Metallurgy” 

and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings available 
from stock. 


Bunting. 


The Bunting Bross and Bronze Company Alloys 
Toledo 1, Ohio—EVergreen 2-345! rs Ae 
Branches in Principal Cities e Interactions for Heterogeneous 
BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF Systems 
CAST BRONZE OR SINTERED METALS. ALCOA" ALUMINUM BARS — we 
Magnetic Materials of the Pres- 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


er 


For Control Engineers Who Are Wearing Out Before Their Time 





ALCOA DISCOVERS WONDERFUL 
NEW WORLD OF INDUSTRIAL TELEMETERING 


Aluminum Company of America engineers have just cut 
the cost of measuring large amounts of direct current 
used in smelting operations by replacing conventional 
meter-and-shunt arrangements with CONTROL’S trans- 
ductors. Beyond cost-cutting, the installation at Alcoa’s 
new plant at Massena, New York, sets new highs in op- 
erating reliability, convenience and safety. Telemeter- 
ing of a hot 8,000 amperes at 600 volts is done over a 


distance of several hundred feet, with no direct connec- 
tion to the bus bars which carry the heavy current! The 
CONTROL transductor is in essence a d-c current trans- 
former, and unlike the meter-with-shunt, it can be used 
for remote measurements, regardless of distance—and 
still retain its guaranteed + 1% accuracy. This is static 
control, and it’s based on high permeability magnetics. 
A transductor catalog awaits your request. 








At Alcoa: Technician inspecting CONTROL transduc 
tor, one of 48 measuring 8,000 amperes at 600 volts. 












At Alcoa—Several hundred feet 
away: Readings are taken on 
both individual transductor 
meters and totalizing meter. 


STATIC CONTROL= 
TRANSDUCTOR = SIMPLICITY 


What appeals to engineers (Alcoa and otherwise) about CONTROL 
transductors is their simplicity. Two Orthonol® (nickel-iron alloy) 
cores are connected electrically in opposition, the bus bar runs through 
them, and you have the world’s simplest device for measuring large 
currents over long distances. No need for calibrated leads (as with 
meter-and-shunt). They are comparatively easy to cut into the line— 
mount like donut current transformers. The transductor loops around 
the bus and is not even directly connected to it! Alcoa sums the read- 
ings from several transductors measuring different bus lines simply 
by feeding their outputs into a totalizing transformer. Potential 
differences of the lines being summed have no effect. Our catalog 
shows the simple circuitry, and details the full range of transductor 
sizes from 200 to 25,000 amperes. Write for your catalog. 


ALL THIS... 
AND THE RIGHT PRICE, TOO! 


We’re selling a lot of transductors. It’s their flexibility that catches 
the customers. To wit: Variations in ambient temperature, or stresses 
on the bus bar as the building settles have no effect on accuracy. To 
wit: They provide a usable power output: you can run relays and mag- 
netic amplifiers directly from the transductor with no 
booster amplifier. To wit: Additional accessory meters 
can be easily added at a later time. To wit: They install 
easily. You open the line, slip on the CONTROL transduc- 
tor, reconnect—and the job is done. And—they are com- 
petitively priced! The higher the ratings, the less they 
cost compared to competitive methods. Prices and com- 
plete information await your immediate request. 


Reliability begins with CONTROL, 
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A DIVISION OF MAGNETICS. INC. 


DEPT. EM-68, BUTLER, PENNSYLVANIA 
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FROM HEADQUARTERS 


H-H RESISTORS 





The Mark 
of Quality 


since 1924 
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| —all types for all 

applications — 

commercial 
or military 


ati 
oe 


“© Fixep RESISTORS 
“(ADJUSTABLE TYPES 
FERRULE TERMINALS 
AXIAL LEAD RESISTORS 
EDGEWOUND TYPES 


CUSTOM AND SPECIALS 





BLUE RIBBON SPACE SAVERS 


Design for Reliability GC, Lu * 
with the Hardwick, Hindle 72ag we 


These high reliability components incorporate special design 
and construction features that assure the highest degree of 
dependability under the most adverse operating conditions. 
Non-crazing high temperature gray enamel, stronger core, 
welded wire connections, higher shock resistance, immunity 
to salt spray and humidity are advantages inherent in all H-H 
resistors. Fixed, ferrule and adjustable types comply with 
MIL-R-26 specifications and meet EIA standards. 


*Where Space is a Factor — 

specify H-H Blue Ribbon Space Saver Resistors. Sold through author- 
ized H-H distributors nationwide. Call or write for catalog including 
both Gray Line and Blue Ribbon Resistors, MIL Types, mounting 
brackets and accessories. Ask for your copy, now! 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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ent and Future. Iron, silicon- 

iron, iron-nickel alloys, iron-co- 

balt, materials with 4 K —0, 

ferrites, permanent magnet ma- 

terials. 

Written by Anthony Arrott and 
J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, 


February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up particular 
problems which are often en- 
countered. Written by Ira Ritow, 
Airborne Instruments Lab. $1.00 


Introduction to Semiconductor Theo- 


ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of oper- 
ation of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 
meters in terms of operating point 
and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
sistor theory is then presented in 
terms of the basic conduction proc- 


esses in a p-n junction. Written by 
Ruth F. Schwarz, Research Div., 
Philco Corp. $1.00 


Engineering Applications of Boolean 


Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
switching circuits and logic  sys- 
tems—both combinational and _se- 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 

e Language and Laws of Boolean 

Algebra 
e Analyzing Combinational Cir- 
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PUTTING MAGNETICS TO WORK 


Want a billion-position switch? 


Magnetic amplifier manufacturers turn to Orthonol® tape cores 
for precise proportioning control or switching action 


Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision. 


The rectangular B-H loop of the 50% 


i, nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional! to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 


least a billion) number of steps from full off to full on. 


Full off and full on can be achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a very low saturated impedance. Thus, when the am- 
plifier is on, it is on; when it is off, it is off. On-to-off imped- 
ance ratios of at least 1000 to 1 provide complete assurance 
of this absolute characteristic. 


Should your manufacturing facilities prevent the use of 
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Orthonol in tape wound core form, you can still take ad- 
vantage of this excellent material in laminations. An 
Orthonol laminated core has characteristics almost identical 
to those in toroidal form. 


Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations are Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. EM-60, 
Butler, Pennsylvania. 


MAGNETICS inc. 


j ; | 
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Se St cee SC 
QUICK Assembly and EASY Changes 


we 


ANY NUMBER OF CIRCUITS—compact 
re-assembled sections of 20 circuits 

foal 1-1/8” wide x 63/64” high)— 

no need to handle single pieces, 

just pull off or add groups of 

circuits as needed. Merely 

snap on a single end sec- 

tion to complete block. 


LARGER x <5 
CAPACITY IN . wy 
LESS SPACE . 
#22 thru #8 
(or equivalent 
combinations) ; 
conservatively 
rated at 750 
volts; contacts 
on %«" centers; 
3 types of con- 
tact sections for 
stripped or ter- 
minal-ended 
wires (can be 
combined in 
™, single block). 


HAND ASSEMBLED without fixtures or 
hardware: only 2 parts to handle, con- 
tact sections and end section; 
mounting screws required only 
every 12 circuits; channel 
mounting also available; 
choice of integral or sep- 

arable marking strips. 


LENGTHEN 
IN SERVICE 
without remov- 
ing mounting 
screws or los- 
ing any contact 
space, 


USE FEWER CIRCUITS by 
grouping common wires in tubu- 
lar contacts—decrease jumper- 
ing; eliminate unused contacts. 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, N. J. 


The Buchanan MD 
pres-SURE-block gives 
greater economy and 
maximum flexibility to 
the installation, wiring 
and field servicing of 
terminal blocks. 


For detailed information, 
write for Bulletin M-7 


In Canada 


TORONT 
Export 
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cuits by Boolean Matrices and 
Karnaugh Maps 
e Analyzing Specifications and De- 
signing Circuits 
e Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 
e Designing Sequential Circuits 
plus . 
e Electronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 
Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period from 1951- 
1955. $1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples are given. Major topics 
include: 

e The Basic Slide Rule 

e Variations on Basic C-D Opera- 
tion 

e Trigonometry 

e The Log-Log Scales 

e Vector Diagrams 

e Hyperbolic Functions 

e Phasor Calculations 

e The Circular Slide Rule 

Written by Ira Ritow, engineer- 

teacher-author, whose previously 

published work in ELEcTRICAL 

MANUFACTURING includes “Capsule 

Calculus” and the 5-part series 

“Fundamentals of Servomechanism 

Design.” $1.00 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
property data on casting resins; 
evaluation tests on resin systems; 
results of environmental tests on 
embedded units; process control 
problems. Annotated bibliography 
of articles is included. $2.00 
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Cylindrical 
Roller Bearing 


When can 
a standard 
bearing 
doa 
“special” job? 


Angular 
Contact Bearing 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings 


eee eee eee eee eee reer eeeeeeeeeeeeeeeeeeeeee 


JULY 1959 Circle 205 on page 17 


Single Row 
Deep Groove Bearing 


Suppose you need a high speed 
bearing to support either heavy thrust 
load or thrust load combined 

with radial load. It is almost a 
certainty that S&F angular 

contact ball bearings will do the job. 

StS bearings of this type 
are produced in bore sizes ranging 
from 34” to just over 7”. 

They lend themselves to all sorts of 
mountings. For example, 

you can mount them in pairs 
either face-to-face or back-to-back 
where axial rigidity and high radial 
capacity are needed. Or you can 
mount two or more bearings 

in tandem, where a particularly 
high thrust capacity is required. 

Yet this is a standard S&F 
bearing, promptly available in over 
80 sizes of single- and double-row types. 

Almost every S06 bearing can 
do “special” jobs for you. Why not 
find out how they’d be more efficient 
and economical? Call any one of the 
twenty-five sales offices. 


EVERY TYPE-EVERY USE 


okF. 


SKF INDUSTRIES. INC. PHILADELPHIA 32. PA 


US PAT OFF 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press 
including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


TABLES AND FORMULAS-—Pocket-size 
120-page Booklet B-3677D, “Convenient 
Tables and Formulas,” includes tables, 
formulas, and graphical symbols sum- 
marizing electrical data, properties of 
materials, heat transfer and steam in- 
formation, measurements and_ other 
subjects. Westinghouse Electric Cor- 
poration. >632 


TRANSISTOR SPECIFICATION CHART 

Brochure G-100 with a chart insert 
opening to 18 x 32 in., printed both 
sides, has tabulated specifications on 
popular ElA-registered transistor types. 
Chart shows case style, polarity, and 
data on cut-off characteristics, d-c and 
switching characteristics, and small- 
signal characteristics of each type. 
Groups covered are high-voltage, mili- 
tary, high-speed computer switching, 
lew-speed switching, general purpose, 
small-signal amplifier, symmetrically- 
matched pairs, phototransistor, bilat- 
eral and _ very-high-speed switching 
drift .transistors. General Transistor 


Corp. > 633 


SOLDER AND FLUXES — Technical 
manual of 78 pages contains sections 
on the nature of solder, flux, flux-core 
wire solder, external fluxes, solid and 
special-type solders and application of 
solder. Kester Solder Co. >634 


PRECISION INSTRUMENTS COMPO- 
NENTS—Pocket-size Catalog 20 of 416 
pages lists gears, shafts, collars, coup- 
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lings, speed reducers, magnetic 
clutches, differentials and other items. 
Catalog contains technical section in- 
cluding gear reference data, backlash 
in gears, spur gear rules and formulae, 
drill and tap data, screw-head detail 
data, measuring torque and military 
specifications. Other sections are on 
breadboard kits and precision tool 
components. PIC Design Corp. ->635 


CONTROL-PANEL COMPONENTS 

Panel Builders Handbook of Electrical 
Components, 4th Edition, 88 pages 
spiral bound, contains information on 
apparatus such as manual and mag- 
netic starters, relays and contactors, 
switches, timing devices, transistorized 
relays and fuse blocks. Cutler-Hammer 
Inc. > 636 


PRINTED-CIRCUIT CONNECTORS 

Series 600 connectors are described in 
24-page catalog on units which accom- 
odate %e-, 342- or %-in. printed-circuit 
cards and single- or double-row con- 
tacts. Various wiring styles and mold- 
ing compounds can be specified for 
connectors with up to 116 contacts. 
Catalog includes outline dimensions 
and suggested applications. Electronic 
Sales Div., DeJur-Amsco Corp. ->637 


TERMINAL BLOCKS — Booklet illus- 
trates and describes various applica- 
tions and specifications of heavy-duty, 
medium-duty and sectional terminal 
blocks in 17 pages. Block types are 


screw-terminal, stud-terminal, direct- 
wiring and solderless for currents of 
15 amp and up. Marking strips and 
covers available. Marathon Electric 
Manufacturing Co. —>638 


WIRE AND CABLE SPECIFICATION 
SHEETS Four specification cards, 
punched for insertion in loose-leaf 
binder, are composites of wire and 
cable information. Sheets give most 
common specifications and __ issuing 
agency; diameter and wall thickness; 
net weight, standard put-ups and ship- 
ping weight; and stranding, strand 
diam and temperature ratings. Hatfield 
Wire & Cable Div., Continental Copper 
& Steel Industries, Inc. >639 


WIRING DEVICES AND TOOLS —Wire 
connectors of screw-on type, plastics 
straps and cable clamps, fuse special- 
ties and testers, assorted wiring tools, 
anchors, screws and toggles are de- 
scribed in 32-page pocket-size Catalog 
No. 100. Holub Industries Inc. >640 


SILICON-REGULATOR CIRCUIT AP- 
PLICATIONS—Fight-page issue of New 
Parameter News, Vol. I, No. 5, de- 
scribes design procedure for diffused 
silicon diode d-c voltage regulators. 
Numerous specific applications are in- 
cluded: transistor surge protectors, 
shunt-regulated power supply, power 
Zener diode regulator for vacuum-tube 
heater supplies, arc suppression, 
emitter-follower regulator using power- 
regulator diodes and others. Texas 
Instruments, Inc. 641 


SNAP-ACTING SWITCHES — Catalog 
359 of 28 pages contains data on 
sealed switches for severe environ- 
ments; low-cost switches for mass- 
produced automatic devices; and 
general-purpose, low-force, high-sensi- 
tivity, open-blade, environment-free, 
metal-cased, AN and JAN, d-c and re- 
set switches. Variety of integral and 
auxiliary actuator styles shown. Data 
on bases, terminals, circuit arrange- 
ments and NEMA standard definitions 
on sensitive switch terms included. 
Unimax Switch Div., W. L. Maxson 


Corp. >642 


METAL STAMPINGS AND WIRE 
FORMS — Lugs, clips, terminals, and 
other standard electrical parts are il- 
lustrated in sketches and plan draw- 
ings in 58-page Catalog 22. Small 
metal parts are hot tinned. Zierick 
Manufacturing Corp. ->643 


TRANSMITTING TUBES — Quick- 
reference 12-page catalog contents in- 
clude klystrons, triodes, tetrodes, pent- 
odes, rectifiers and pulse modulators 
with specifications and descriptions. 
Eitel-McCullough, Inc. —>644 


(Continued on page 204) 
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UNI FORM— magnetically and mechanically 


Positive control of electrical-product performance de- 
pends upon positive control in the production of silicon 
steel. Check these important reasons why Republic Sili- 
con Steels, in continuous coils and cut lengths, provide 
maximum predictability: 


Annealing is continuous, with heat radiation uniformly 
reaching every square inch of the steel. Continuous heat 
treatment improves both magnetic and mechanical prop- 
erties. Slitting occurs before final annealing, for maximum 
magnetic properties free from cold work. 


Investigate the advantages that Republic Silicon Steels . 
. : 7 TESTING is conducted before, during, and after proc- 
can bring you. For further information, contact your near- essing of Republic Silicon Steels. Beginning in the 
est Republic office, or write Republic Steel Corporation, open hearth, each heat must meet standard pre-deter- 


: sc . i ifications. Testing, h critical st 
Department EM-7915, 1441 Republic Building, Cleve- oro enaypmanire sagen -infpesnilbatengehain 6th 
production, provides positive assurance that these 


land 1, Ohio. specifications will be maintained. 


REPUBLIC STEEL (| fot a) 
Wolke Widest ewe % Staudard, Shiels andl Stool Prodisla 
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FILM-TYPE HEATING ELEMENT — 

Catalog HB-3-359 describes advantages 

of film-type, sprayed-on heating ele- 

ment. Twelve pages detail physical, 

electrical and thermal characteristics, 

® Tests resistors, condensers, in addition to charts and graphs on 
Inductors protective coatings and _ insulation, 
* Percentage deviation from ae temperature rise vs time (high to low 
stonderd read on | sseter watt densities) and standard terminals 


available. Heating element 9.015 in. 

* Rapid response — no buttons thick is designed for contour surfaces 
to push and can be applied directly to part to 

® High accuracy and stability be heated. Electrofilm, Inc. > 645 


® Self calibrating — requires no 
recalibration when changing , GEAR AND FLUID DRIVES—Standard 
ranges integral-hp gearmotors, fluid drives and 
accessories are included in 48-page 
MODEL 60 MODEL 1010 Book 2747. Units described range to 
= 100 hp in ratios through 985:1 and 
— —— fi aaa or as low as 1.8 rpm. Link-Belt 
£1%, 5%, +10, 20% 5%, 10%, 20% ev 646 


5 ohms to 5 megohms 5 ohms to 5 megohms TRANSISTOR BREAKDOWN AND 
500 mmfd. to 500 mfd. 50 mmfd. to 10 mfd. LEAKAGE Voltage breakdown and 


15 millihy. te 10,000 hy. 100 microhy. to 100 hy. leakage currents are discussed in 4- 


page Transistor Kinks, Volume I, No. 


1. Five types of voltage breakdown 
OTHER MODELS AVAILABLE : 


BRIDGE VOLTS FULL SCALE RANGES (avalanche breakdown, alpha multipli- 
2.5V-1000 CPS +1, 5, 10% Representatives cation, punch-through, thermal run- 
2V-1 KC, 25 KC +$, ae, 20% in Principal away and miscellaneous breakdowns) 
1,2, 10, 20% Cities and their effects on transistors are 
£1, 5, 10, 20% discussed. Three leakage currents 


INDUSTRIAL cate EQUIPMENT ‘ole Wy which are closely related to the break- 


down voltages of transistors are also 
55 EAST lith STREET « NEW YORK Fee defined and discussed. Valor Instru- 
Circle 208 oe i¥ Aa ments, Inc. >647 


CLAMPS AND SUPPORTS—Line oi 


ae Durakool Relays rrr Uh ae standard clamps, supports, brackets, 


o ‘ and shims in a variety of shapes and 

yal A ACL) (3 S@rvice cee Longer sizes is included in 94-page manual 
TA-210-G. Installation techniques for 

electronic, hydraulic and mechanical 


Durakool products minimize wear from 
arcing and have virtually eliminated 
° ° ° . 

destructive heat rise (less than 50°C rise treme high- and low-temperature in- 

Tilted Down oar a ee Serranee hg sulating materials plus data on chem- 

ON operate under sealed in (50 p.s.i.) hy rOo- ical resistance. With illustrated index 

gen gas. Result: unequalled durability on for visual reference and preprinted 

——s heavy or light loads as well as highly sketch sheets. TA Mfg. Corp. >648 
inductive, incandescent D.C. loads. The 

Durakool steel-clad (non-breakable) mer- WATER AND OIL-TIGHT LIMIT 

cury relays and switches are built for SWITCHES—Illustrated Bulletin EM- 

continuous fast-cycling schedules. 5912 describes line of heavy-duty 


harnessing problems are included. In- 
formation supplied on standard ex- 


Timer-relay service life has increased colt COIL water- and oil-tight limit switches 
up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED which can be obtained in standard, 
designed to stay free, making unit neutral position, short travel and pash 
practically “fail-safe.” Tilt switches , , lever models. All are SPDT design. 
come in 7 sizes, 1 to 65 amperes. Section on special purpose applications 
Timer relays available in any combi- / ' included. National Acme Co. >649 
nation of operate-release-time-delays i — , 
from 0.15 sec. to 20 sec.—normally : DRAFTING EQUIPMENT—Catalog GC- 
open or normally closed action. : > 59 of 24 pages illustrates and describes 
iin , . drafting file drawers, cabinets, roll 
files, drafting tables and tracing tables. 
Stacor Equipment Co. >650 


For more information 
on timer-relays and switches, write: 


) = 
DURAKOOL, INC. ¥ NICKEL - CHROMIUM - IRON ALLOY 


( 
LKHART, INDIAN Y a : 
. " y HT c k 0 0 : TUBING—Tubing suitable for thermo- 
couple protection and muffle tubes is 
1969 Ave Rd., Toronto 12, Ontario ; : : bs 
. iia described in 4-page folder CM-259. 


301 Fifth Ave., So., Minneapolis 15, Minn ALL STEEL MERCURY SWITCHES 
4747 Bronx Blvd., New York 70, N. Y (Continued on page 206) 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


Why UNBRAKO socket screws 
with Nylok* won’t work loose 


Self-locking UNBRAKO socket screws, in a full range of standard types and 
sizes, are stocked by your authorized SPS distributor. Permanently installed 
locking pellets are serviceabie from —70 to +250°F and will not dry out, 
rot or shrink, are not affected by age or fungus. 


How Nyilok locks: Resilient nylon pellet (A) sets up lateral thrust, 
smoothly wedging mating threads togetner (B). Locking action is 
entirely on threads and is positive, seated or unseated. 
UNBRAKOs with Nylok are easy to remove and are reusable. 


Regular screws loosen under vibration because external And the permanently installed nylon locking pellet 
stresses cause marked variations in screw tension, re- retains strength characteristics from —70 to +250°F. 
sulting in motion between mating threads and loss of 


frictional holding power. In addition to their remarkable resistance to loosening 


under the most severe operating conditions, UNBRAKO 
self-locking socket screws save production time. They 
eliminate the need for lockwashers under the heads of 
screws, drilling of heads for lockwires, cotter pins, and 


UNBRAKO socket screws with Nylok stay put, because 
they do not depend on screw tension to keep them tight. 
Here is how they work: A tough, resilient nylon pellet, 


inserted permanently in the threaded section of the 
screw, is the locking medium. Before assembly, the 
locking pellet projects slightly beyond the crest of the 
thread. When mating threads are engaged, it is com- 
pressed. Its springlike wedging action grips threads 
tightly and sets up a counterthrust, creating a strong 
metal-to-metal engagement of the mating threads. 
Locking is positive whether the screw is seated or not. 


complex multiple set screw installations. And they can 
be used repeatedly without losing their locking ability. 


See your authorized SPS industrial distributor for com- 
plete details. Or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in many 
metals, including titanium. Unbrako Socket Screw Divi- 
sion, STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


*T.M, Reg. U.S. Pat. Off., The Nylok Corporation 


Jenkintown - Pennsylvania 





Standard Pressed Steel Co. @ The Cleveland Cap Screw Co 
Columbia Steel Equipment C @ National Machine Prod 
® Nutt-Shel ¢ e SPS Western @ Standco Car 


Jnorak S ket Screw Co., ltd 
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‘“y NEW BRUSH 
TTT GRADES 


BRUSH 
SPRING 
DESIGNS 
are important too! 


Stackpole offers 
full engineering 
facilities for de- 
signing brush 
springs for opti- 
mum perform- 
ance. 


Note: Stackpole Brushes ore 
sold only to original equip- 
ment producers——NOT as 


replacements. 


FOR SMALL 
LOW-COST MOTORS 


(Such as flush commutator types) 


The increasing use of flush commutators in in- 
expensive little motors often brings big problems 


in brush selection. Even though the brushes must 
be inexpensive too, it is equally essential that 
they have adequate life, give good commutation 
and avoid burning or grooving the commutators. 

Recent Stackpole fractional horsepower brush 
developments pave the way to substantial im- 
provement in both brush and overall motor per- 
formance on many of these “trouble” jobs. 

As a leading small motor brush producer, 
Stackpole welcomes the opportunity to “Custom 
Engineer” these grades to the individual require- 
ments of your specific motors. No obligation is 
involved. You be the judge! 

Ask your local Stackpole representative or 
write to STACKPOLE CARBON COMPANY, 
ST. MARYS, PA. 


Custom Fnginecred 


for all rotating electrical equipment 


CONTACTS * VOLTAGE REGULATOR DISCS * CATHODIC PROTECTION ANODES © FIXED & 

VARIABLE RESISTORS * BEARINGS * MOLDS & DIES © FRICTION SEGMENTS © SEAL RINGS 

CLUTCH RINGS * CHEMICAL ANODES * HEATING ELEMENTS * WELDING CARBONS * POROUS 
CARBON .. . and dozens of other carbon, graphite and powdered metal products. 


206 


Circle 211 on page 17 








Physical constants and properties of 
Inconel, Inconel X, Inconel 702, Ni-o- 
nel and Incoloy are listed. Superior 
Tube Co. >651 


STAINLESS-STEEL FASTENERS — Cata- 
log 59A contains 24 pages of data on 
cap screws and bolts, nuts, washers, 
machine screws, set screws,  sheet- 
metal screws and other items. Sum- 
mary of data on corrosion resistance 
of more widely used stainless steels to 
various chemical and corrosive media 
appears in rear of catalog; also 18 
standard stainless-steel specifications. 
Star Stainless Screw Co. >652 


STANDOFF AND FEEDTHROUGH TER- 
MINALS—Catalog of 8 pages describes 
line of Teflon-insulated standoff and 
feedthrough terminals with solder or 
silver plating. Taurus Corp. >653 


NON-INDUCTIVE CERAMIC RESIST- 
ORS—Six-page Bulletin GR-1 on Types 
A, B and CX Globar fixed resistors 
contains specific electrical performance 
characteristics, sizes and characteristics 
available, and finishes and coding. The 
Carborundum Company, Refractories 
Div. >654 


VINYL SHEETING—Four-page bulletin 
describes sheeting, with non-staining 
finish, which can be laminated to steel, 
aluminum and other metals. Colovin 
Jaminate-quality sheeting is available 
in white or any other color, multi- 
colored combinations and textured ef- 
fects. Columbus Coated Fabrics Cor- 
poration. >655 


COLOR-CODING PLASTICS PARTS 

Brochure explains applications of 
dyeing process of plastics for color 
coding, prototypes, and special effects. 
Contains listing of various plastics, 
trade designation and process that can 
be applied. The Colorite Industrial 
Dyers. >656 


TRANSISTOR POWER-SUPPLY TRANS- 
FORMER DESIGN—Four-page Bulletin 
E-285 gives formulas for designing 
transformers for use in transistorized 
power supplies and offers guide to 
selecting proper transistors, choosing 
operating frequencies and determining 
values of biasing resistors. CBS-Hytron 
Advertising Service. >657 


DIMENSIONAL STANDARDS FOR 
SEMI-TUBULAR RIVETS — Four-page 
publication of the Rivet Council lists 
hody diameter and head dimensions of 
oval-head, truss-head and flat-counter- 
sunk-head semi-tubular rivets. Tubular 
and Split Rivet Council. >658 


PORCELAIN AND SILVER CAPACITORS 
—Eight-page Catalog 59-1 illustrates 


and supplies information on manufac- 
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D-C DRIVES 
FOR 
PRECISE CONTROL 


Problem: How to control machine speed ratios 
for accurate proportioning, continuous flow 


Keeping the blend accurate in proportionate mixing 
requires a high degree of machine coordination. In- 
accurate speed matching of mixers or conveyors can 
result in poor product quality, inaccurate measure, 
wasted material. 


ACCURATE SPEED MATCHING IS A NATURAL JOB 
FOR DIRECT-CURRENT POWER. For only direct cur- 
rent can provide the split-second response, wide speed 
range and precise control vital to modern, automatic 
machines. 


If you are planning to upgrade your production 
facilities to make processes more automatic, it will 
pay you to investigate the role direct current can 
play. A new booklet, ‘“‘WHY D-C?,” is available to 
help you. For your free copy, write Section 829-2, 
General Electric Company, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


al 
a 


MOTORS AND GENERATORS 
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ture, electrical characteristics and de- 

NEW IDEAS IN for lab, production test, sign applications of monolithic porce- 

test maintenance, or as a lain and silver capacitors in five designs | 

component or subsystem und values from 0.5 to 6800 wxf. 

PACKAGED POWER in your own products Vitramon, Inc. >659 


CADMIUM, LEAD AND TIN PRODUCTS 


Uses for cadmium, lead and tin are 

° . explored in 4-page product bulletin 
Single-unit, containing an analysis of cadmium. In- 
rack-mountin cludes information on rolling and ex- 
§ trusion of mill products with available 

supplies to 60 KV sizes and thicknesses. White Metal 

















Rolling & Stamping Corp. >660 
Available ranges and | 
—_ TOROIDAL INDUCTORS—Included in 
eh —t }-page publication TL-102 are: four Q 
—_— Ss 0-1 500 curve graphs for various cores, three 
Series 1000. 0-3 200 graphs illustrating effects of a-c and el 
Easy-to-use compact Beta Series 1000 high voltage aa cr ie a — - ements, on it 
supplies come in 13 different models, providing volt- 0-15 5. or 10 devoted to self-re sonant frequencies 
ages up to 60kv dc and currents as high as 500 ma. 0-30 2. 5, or 10 for a group of cores, a chart on pre- 
Adjustable output voltage (0 to max. rating with 5 @ 50 KV ferred inductance values, data on . 
coarse and fine controls); extremely low ripple; easy, om F @ 60 KV temperature coefhicients and other ma- 
rapid polarity reversal and full metering are a few inputs: 117 vac, 60 cps, single phase terial. PCA Electronics, Inc. > 561 
outstanding features. 
CRYSTAL OVEN -Single-sheet Bulletin 
HV DC TO 250K V WITH MAXIMUM RF-594 details construction and = ap- 
plications of Model 35 Thermal-Set 
CONVENIENCE, SAFETY crystal oven which combines small size 
with freedom from thermal oscillation 
or contact noise, low power consump- 
tion and long-term cavity-temperature 
Two section stability. Devices which can be mounted 
: within change-of-state oven include 
supplies to 250KV ervstals. Zener diodes, thermocouple 
reference junctions and _ transistorized 
Available ratings: circuits. Aeronautical and Instrument 
Output Current Division, Robertshaw-Fulton Controls 
(KV DC) ) Se mee +662 
ie a SPECIAL-PURPOSE ALLOY WIRE 
ee Saeed es . 0-6 500 Three folders describe bronze and 
ee eT ee ee 0-10 200 brass wire for springs and terminals: 
Simple to operate, conservatively rated to insure 0-20 150 beryllium copper wire for contact 
long, optimum performance with maximum safety, o oa wires. braid and wire forms: and 
Beta Series 2000 supplies come in thirteen different 0-59 10, 50 nickel-clad titanium wire for ceramic- 
models with maximum voltages ranging from 1 to 0-120 5 to-metal brazing. Little Falls Alloys. 
250kv dc. Output voltage continuously adjustable 0-120 25 lean. > 663 
from 0 to maximum. Two-unit design allows optional 0-150 5 
remote operation of high voltage circuits. For maxi 0-250 10 : 
mum voltages less than 30 kv, the high-voltage unit inputs: 117 vac, 60 cps, MINIATURE SPEED vee series 
is air-insulated; for higher voltages, oil-insulated single phase & and 9 fixed-ratio reducers, available 
(shipped dry). Every precaution is taken to insure in over 400 fixed ratios, are subject of 
personnel and equipment safety. !-page Bulletin 97. Speeds to 10.000 
rpm and torques to 24 oz-in, are in- . 
Sorensen markets the widest line of controlled power equipment available today, cluded. Metron Instrument Co. +664 
including: Regulated a-c and d-c supplies, unregulated power supplies, frequency 
changers, inverters, and converters, SAMES electrostatic generators for regulated COMPONENT PROCESSING FURNACE 
voltages up to 600 kv dc, voltage reference sources, high-voltage d-c overpotential Printed circuits and components may 
testers and high-potential test equipment. be processed in small Model F-1A . 
An exceptionally wide selection of standard models is available and experienced furnace described on |-page specifica- 
Sorensen engineers are always glad to discuss your special needs. 913 tion sheet. Uses endless heat-resistant 


helt 41,-in. wide. Three heat zones 
with temperatures to 1750 F contained 


SORENSEN & COMPANY, INC. 


4 in 7 x 2% x 4'4 ft furnace. Mech- 

Ss Richards Avenue, South Norwalk, Connecticut Fronic Equipment Co, > 665 
WIDEST LINE OF CONTROLLED-POWER SLOWER PERFORMANCE Iwo tech- 

EQUIPMENT FOR RESEARCH AND INDUSTRY nical data sheets on performance and 

dimensions of Radiax blower units 

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA lescribe materials and finishes, list 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City important dimensions, and give pres- 
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LOOK 
FOR THE 
DIAMONDS-—SIGN 
ela LS 
QUALITY 





Now, here’s a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast. easy application of IRILAC 
. and you’ve given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 
An IRIDITE-IRILAC finish will provide 


longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation. 


ON MAGNESIUM 
IRILAC over an IRIDITE No. 15 finish in- 


creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
of products, with color appearance ranging from 
light to dark brown. 


ON ZINC 

IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear [RIDITE to olive 
drab, plus colored dye finishes. 





NOW—A Great New 
Combination for 


DOUBLE 


PROTECTION 
Against 


Corrosive Conditions 


on Aluminum, 


Magnesium or Zinc 
® 





CHROMATE CONVERSION COATINGS 


and 





CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures— manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


IRILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


For complete technical informa- 
tion on IRIDITE Chromate Con- 
version Coatings or IRILAC Clear 
Protective Coatings, write for 
FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your area. He's listed under 
"Plating Supplies” in the yellow 
pages. 





Allied Research Products, Ine. 4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 


West Coast Licensee for Process Chemicals: L. H. Butcher Co 


concen ene: | QED | CID"| CID} CIB?) CIID 


chemical Processes, Anodes 





Ciuvomate Clear Plating Chemicals & Line of 
Rectifiers Equipment, and Supplies for Metal Finishing | Coatings | Coatings Brighteners Supplies Equipment 
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MOLDED = 
MAGNETIC AMPLIFIERS 


AIRPAX @ — 







THE MOST RUGGED, ACTIVE CIRCUIT ELEMENT: 


FASTER RESPONSE, WIDER DYNAMIC 


Life 
Unlimited! 
This smaller, 
lighter, molded unit 
offers the systems engi- 
neer a component which is 
nearly indestructible both electrically 
and mechanically. Complete common 
mode rejection is an inherent feature. In this 
new line of FERRAC amplifiers, the conventional plug-in 
arrangement has been replaced by a bolt-down 
unit with a low center of gravity eliminat- 
ing the need for a mounting clamp. 


°  ieieBin 
AIRPAx 
ELECTRONICS 


"cae ow 4 
"© p> 


RpoR 








¢ 


SEMINOLE DIVISION FORT LAUDERDALE, FLA. 
Ry ¥ .- 


SM15 


210 Circle 215 on page 17 


sure, speed, power and current curves 
for each blower unit size. Bulletin RX1 
covers fan unit sizes up to 17-in. OD, 


while RX2 includes 20- and 24-in. 
units. Air Impeller Div., Torrington 
Manufacturing Co. >666 


SINGLE-DECADE COUNTING UNITS 
Construction, electrical 
auxiliary and operational 
modes are described in 4-page Sodeco 
bulletin. be used in 
variety of counting, telemetry and auto- 


data, various 


contacts 
Counters may 


mation applications. Typical schematics 


show uses, including forward count- 
ing, subtraction, predetermined count- 


transmission of numbers with ad- 
dition, and forward counting with zero 
reset. Landis & Gyr, Inc. 667 


ing, 


SPECIAL FHP MOTORS—Special-appli- 
cation motors for appliances, business 
machines and industrial uses are d2- 
scribed in 8-page Bulletin 59. Motor 
types include gear 
motors and Lamb 
Electric Co. -~>668 


series-universal, 


induction motors. 


ZENER VOLTAGE TESTER—Catalog 
sheet contains data on Zener voltage 
tester Model DT100. Unit provides 
automatic readings of Zener voltage 
as a function of current and is intended 
for laboratory and factory measure- 
ment of Zenor diodes, transistor break- 
down characteristics, semiconductor 
rectifiers and similar solid-state ele- 
ments. Electronic Research Associates, 


Inc. —>669 


OPTICAL FUSED QUARTZ—Character- 
istics of six types of Amersil optical 
fused quartz used in the electrical and 
electronic industries are contained in 
data file which includes grain structure, 
absence or prevalence of small bubbles. 


strain, fluorescence and uses. Engel- 
hard Industries, Inc. >670 
FAST-CURE EPOXY HANDLING —*Fast- 
Acting Epoxy Reinforced Plastics,” 


Technical Release No. 7, describes fast- 
cure epoxy systems and spray equip- 
ment designed to handle them effi- 
ciently. Release contains detailed infor- 
mation on equipment and 
resins as well as sample formulations. 
Carbide Plastics Co., Div. of 
Union Carbide Corp. >671 


fast-cure 


Union 


SELECTION AND USE OF LAB INSTRU- 
MENTS Eight-page reprint Z-32, 
“Electrical Measuring Instruments in 
the Laboratory,” describes and explains 
type, range, and ratings of instruments 
and standards, 
power and electronics laboratories. In- 
cludes sections on instrument accuracy 


accessories used in 


and effects of overloads; d-c and a-c 
typical instruments and 
voltmeters, 


measurements; 


accessories such as am- 
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ome Ideas 


Frankly, we hope you're a fusspot. If you 
are fussy about the way you work, and 
proud of it, we think you'll enjoy knowing 
about three K&E items which reduce the 
effort required to get pin-neat results. Our 
first suggestion is... 


A Better ‘‘Mattress" 
for Your Drawing Board 


For effortless drafting, a good board cover 
is about as important as a good mattress is 
for sound sleep. Which is why so many 
draftsmen swear by LAMINENE® (N 70), 
the only laminated board cover material 
made. An exclusive, patented K&E process 
gives LAMINENE several very practical 
advantages over plastic coated papers. You 
can stretch it, drumhead-tight, over your 
board. All you do is wet the back, then 
secure the ends by taping or stapling to the 
underside of the board. After drying, 
LAMINENE grips the board as if cement- 
ed —there’s no rippling, no stretching with 
the weather, no slack to take up. Its “draft- 
ing feel” is perfect: just the right balance 
of firmness and resiliency. LAMINENE’S 
non-glare surface makes it easier on the 
eyes, too, even under fluorescent lighting. 
You can expect to leave the board feeling 
fresher, even after a long day. 


What’s more, LAMINENE won't crack or 
scar like a plastic coating. Its laminated 


film surface is flexible, and stays that way 
—no crevices form to pick up workaday 
grime. It’s easier to clean, too. A little soap 
and water is all it takes to keep LAMI- 
NENE looking like new. 


LAMINENE is available in White or Eye- 
Fase Green; plain or with 4x4, 8x8 and 
10x 10 grids to the inch, which act as per- 
manent two-way tracing guides. A free 
sample can be yours in a few days if you 
write us today. If you’ve never tried a lam- 
inated board cover, we promise you a new 
experience! 
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Stickers With Delayed Action 


Want to eliminate a time-consuming chore? 
You can cut down on tedious repetitive 
lettering by having title blocks, specifica- 
tions, and other symbols or legends printed 








—clearly and sharply —on DULSEAL'™ 
(74). This tissue-thin film has a delayed- 
action adhesive on the back, and a dull- 
finish face for easy writing or printing. 
Stickers made of Dulseal can be firmly po- 
sitioned—and re-positioned hours later, just 
as firmly. The adhesive takes 24 hours to 
set. Once it does set, a permanent bond is 
formed with the paper or cloth beneath. 
Dulseal is chemically stable, and the adhe- 
sive will not bleed, even in hot copying 
machines. 

Repeated erasures on Dulseal will not af- 
fect its “take.” Produced by an exclusive 
process, the “tooth” is built into the sur 
face. Transparent and low in reflectivity, 
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and DULSEALT-M. Tape. 
Name & Title 


Company & Address 


KEUFFEL & ESSER CO., Dept. EmM-7, Hoboken, N. J. 


Please send me samples of LAMINENE 


.. plus information on K&E cleaning powders. 


Dulseal stickers will not affect the trans- 
parency or printing speed of your drafting 
medium. K&E supplies Dulseal in sheets, 
rolls (printed to your specifications if you 
wish), and as a mending tape in a handy 
dispenser. Try a sample, on us! 


3 To Keep Clean 


Best way to keep your tracings clean: don’t 
let them get dirty. A mighty easy way to 
achieve this is to sprinkle the tracing lightly 
with gum eraser particles, while working. 
Then, triangles, T-squares, and scales stay 
clean, and clean the surface automatically, 
as they are moved back and forth. The 
particles will not dry out or harden — they 
contain no grit or abrasives. They'll actual- 
ly improve the ink taking qualities of your 
drafting surface. 





For this purpose, K&E supplies cleaning 
particles put up in three different ways. 
We think the new plastic squeeze-bottle 
(3036C) is the handiest of all. The shaker- 
top can (3036) has also been a drafting- 
room favorite for some time. And, for 
double-duty cleaning, we suggest the ABC 
Dry-Clean Pad™™: (3037), which holds 
slightly coarser granules that sift through 
soft mesh. The ABC Pad also comes in 
handy for wiping a complete tracing after 
it is finished, or for preparing certain sur- 
faces for ink work. Or for an overall pre- 
cleaning, since the best way to insure clean 
tracings is never to let soil build up. 


The proverbial ounce of prevention is 
worth the traditional pound of cure! 


These K&E products, and others 
that can make life easier for you, 
are available from your nearby 
K&E dealer. See him soon... 
or send us the coupon below for 
further information and samples. 


* 


Drawing Board Surface Material, 
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NEW HAMPSHIRE 


BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Ine. 





PRICES GO DOWN AS DEMAND GOES UP 
FOR EXTENDED INNER RING BEARINGS 


Miniature bearings with extended inners NOW 
cost less than ever before. New 
Hampshire Ball Bearings, Inc., has 
cut price additives as much as 72‘. 
This surprising reversal of recent 
rice trends has been made possible 
production economies brought 
about by sharply increased demand. 


This return to popularity of extended 
inners is not surprising to New 
Hampshire’s design engineers. Belief 
in the inherent advantages of the 
extended inner ring prompted their 
inclusion in the widely distributed 
Technical Bulletin and Catalog pub- 
lished in 1956. Since then, they have 
been specified in increasing quantities 
for gear trains and other designs call- 
ing for ease of mounting, firm seating 
and high tolerances. 


CLEARANCE “BUILT IN” BY 
EXTENDED INNER RING 
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FEATURES OF EXTENDED INNERS 


The above drawing illustrates the 
function of the extended inner. It in- 
sures clearance between the outer ring 
and a shoulder, a flat gear face or 
any other surface against which the 
bearing is mounted, This clearance 
allows the ring to revolve independ- 
ently even when there are thrust 
loads and axial play. The importance 
of this clearance cannot be over-em- 
phasized. When a small bearing is 
mounted to a larger element, the 
outer ring must not be allowed to 
come in contact with the larger ele- 
ment, or the two rings will not be 
independent. 


NEW 
HAMPSHIRE 


This clearance must be more than 
just a minimum. The outer ring must 
have space for axial play particu- 
larly when there is any degree of 
thrust load involved. That’s why New 
Hampshire Ball Bearings, Inc., ex- 
tends the inner ring .0156 in. on cach 
side. This provides ample clearance. 
There are, of course, other means 
than extended inners to provide the 
necessary clearance. You can as- 
semble a sleeve or washer on the 
shaft between the inner ring and the 
neighboring surface. Or, if the bear- 
ing contacts a gear, you can provide 
the gear with a hub. 

However, the extended inner has two 
advantages over a washer or sleeve. 
It not only saves assembly time and 
cost, but also gives the bearing the 
firmest possible seat on the shaft. 


MEET ABEC-7 STANDARDS 


Moreover, the extended inner, manu- 
factured to the same Class 7 toler- 
ances as each and every New 
Hampshire ball bearing, guards 
against the possibility that a sleeve 
or washer produced less accurately 


may reduce the reliability of the 
assembly. 


Complete specifications of New Hamp- 
shire plain and flanged retainer bear- 
ings with extended inner rings, with 
or without shields, are contained in 
our Design Handbook. Price quota- 
tions and delivery schedules on 
request. 


DESIGNERS’ HANDBOOK FREE 
TO ENGINEERS 


If you work with miniature ball bear- 
ings, you'll find this 80-page, author- 
itative handbook contains a further 
discussion of extended inner ring 
bearings and is a great 
help in solving prob- 
lems in designing in- 
struments or electro- 
mechanical assemblies. 


It will be sent free to 
qualified engineers, 
draftsmen and _ pur- 
chasing agents. 


Write to: New Hampshire Ball Bearings, Inc. 
Peterborough 1, N.H. 


BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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meters, wattmeters, multipliers or ser 
ies resistors, shunts, current and po- 
tential transformers; and taking of 
data. Weston Div.. Day- 
strom, Inc. >672 


Instruments 


CRYSTAL OVEN 
crystal 
1-page bulletin, operates from 6, 12 o1 


BM-100 constant-tem- 


perature oven, described in 
24 ] « ¢ | ai ains > rat a. 

24 volts and maintains temperature to 
within 3 C over ambient range from 


55 C to setting. Federated Electron- 


ics, Inc. >673 
mer: 

BLIND RIVETS —Eight-page Form 8- 
109 lists advantages of blind rivets 


technical information 
such as recommended hole sizes, ma- 
terial practice 
notes and shear and tension strength 


and includes 


specifications, shop 
values. Typical blind applications are 
illustrated with cross-section drawings. 
Dimensional drawings for line of PT 
and 9SP rivets are Huck 
Manufacturing Co. >674 


included. 


RETAINING RINGS—Four-page — bro- 
ehure concerns types of retaining rings 
of carbon steel and contains examples 
of uses. Rings may also be supplied 
in bronze, beryllium copper and stain- 
less steel material with finishes such as 
cadmium, copper and phosphate coat- 
ings. Stock shaft diameters range from 
0.094 to 3.0 in. National Lock Washer 
Co. >675 


SERVO MOTORS Size 8 to 29 servo 
motors for industrial, 
scientific uses are described in 20-page 
Catalog 5000. Included are dimensional 
drawings and physical, electrical and 
mechanical characteristics. John Oster 
Maufacturing Co., Avionic Div. -—>676 


military and 


MAGNETIC SHIELDING TESTING KIT 
Data Sheet 143 
scribes kit of four 
Co-Netic 
tentive, nesting cylindrical cans which 
are used to evaluate magnetic shielding 
effectiveness in various applications. 
Magnetic Shield Div., Perfection Mica 
Co. >677 


illustrates and de- 
Netic and four 


non-shock-sensitive, non-re- 


INERTIA SWITCHES — Acceleration- 


sensitive switches detailed in 4-page 


brochure have one moving part: a 
precision-ground steel ball held against 
a solid base kv a uniform magnetic 
field. When opposing force of accel- 
force. the 


break 


electrical contact. Switches are sensi- 


eration exceeds magnetic 


ball moves to make and/or 


tive to acceleration axially, radially 


or omnidirectionally from 
0.01 to 500 g. 


cent. Inertia Switch, Ine. 


over range 
Accuracy within 0.1 per 
>678 


INSULATION MATERIALS— Standard 
packaged insulation Catalog 
31 list: cuffed Mylar-paper combina- 


product 
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The Ultimate Test 


The ultimate test of quality in stainless steel bars 
takes place in screw machine production, 
where every bar is literally cut to pieces. 


The Perry-Fay Company, Elyria, Ohio, a leader in \ ) 
screw machine production, has been subjecting 
J&L bars to this demanding production-line test for i) \ 
more than a year, without a single failure, without 

a single reject. Perry-Fay reports: “We consistently get Mi 
superior surface finish, closer tolerances, fully formed 
rolled threads with J&L stainless bars.” 


i K\A \\ MAG 


mn IN to NN production detail is the key to J&L quality. 


Whether you need stainless steel bar stock for 
high-speed, high-production operations, or a 

single bar for extraordinary requirements, turn to J&L. 
J&L leads the industry in melt shop standards for 
stainless steel, the point where quality starts—and 
new production profits begin. 


WK Plants and Service Centers: STAI sw LE So 


Los Angeles + Kenilworth (N. J.) * Youngstown «+ Louisville (Ohio) « Indianapolis + Detroit SHEET + STRIP > BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION 
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TORQUE 
L8.- IN. 
AT 2.0 
20°C 
1.0 
° 


CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


10% cL 


i Chek SS 








DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 







Further details from: 


ROLENOID, INC. 
1732 West Slauson Ave. 


Los Angeles 47, California 
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tion coils, motor slot insulation, 
creased separator coils, transformer 
layer insulation and motor slot wedges 
in 20 pages. Insulation Manufacturers 
Corp. ->679 


HIGH-VOLTAGE POWER SUPPLIES 

Supplies for such applications as cath- 
ode ray oscilloscopes, electrostatic pre- 
cipation equipment, image intensifiers, 
dielectric insulation testers, electron 
optical devices, storage tubes and nu- 
clear applications are illustrated and 
described in 4-page brochure. Power 
supply ranges are 2.5 kv to 30 kv at 
1.25 ma with 115-volt, 60-400 cps input. 
Del Electronics Corp. >680 


ALUMINUM MAGNET WIRE-—Six- 
page pamphlet discusses functional ad- 
vantages and gives information § on 
availabilities, properties, insulation 
characteristics and standard techniques 
for winding and connecting aluminum 
magnet wire. Kaiser Aluminum & 
Chemical Sales, Inc. >681 


SILICONE PRODUCTS-—Fight-page cata- 
log describes major silicone prod- 
ucts. Among those described are: 
rubber products, including room-tem- 
perature-vuleanizing silicone rubber; 
electrical insulation; water repellents; 
lubricants and release and anti-foam 
agents. Publication CDS-129A lists ad- 
ditional specialized literature covering 
product and application information 
on silicone products. Silicone Products 
Dept., General Electric Co. >682 


MAGNETIC LAMINATIONS Trans- 
former laminations, magnetic-head lam- 
inations, servo-motor rotors and_ sta- 
tors and special-shape laminations are 
illustrated and described in four-page 
folder TB104. List of lamination types 
and charts showing characteristics are 
included. G-L Electronics. > 683 


SILVER-ALLOY BRAZING —Issue No. 
81 of Brazing News gives examples of 
hand-torch brazing operations. Last of 
1 pages describes torch techniques and 
lists torch flame temperatures. Handy 


& Harman. >684 


STABILIZED D-C AMPLIFIER—Single- 
page brochure M-10 describes multi- 
purpose chopper-stabilizer amplifier 
suitable for laboratory use as direct- 
current or voltage amplifier. Delivers 
| ma into 5 k ohm load with 10 my 
input. Response, 0 to 2 eps. Houston 
Instrument Corp. >685 


D-C AMPLIFIER——-Low-voltage linear 
amplifier for use in control systems, 
preamplification, telemetering or auto- 
mation is described in Bulletin MSP- 
111.1. Model P amplifier is capable of 
developing full electrical output in less 
than 0.1 sec and is compatible with in- 
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For unequalled 
regulator stability 


RAYTHEON uses Leesona* No. 108 Coil Winders 


Raytheon manufactures the most 
stable regulator on the market today, 
the Magnetic Voltage Regulator, 
whose output at full load is automati- 
cally maintained within +12% of the 
rated value. To help achieve this 
amazing stability Raytheon winds the 
coils on Leesona No. 108 Coil Winders. 

Realizing the many advantages of 
these machines, Raytheon chose 
Leesona No. 108 Coil Winders to help 
do the job. Accuracy, speed, and eco- 
nomical operation are all-important, 
and Leesona No. 108’s are the most 
productive, most economical hand- 


) 
i 


le 


: 
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feed coil winders ever designed. 


Many Unique Features 

Leesona No. 108 is a precision ma- 
chine that adjusts to your coil winding 
needs. Quick set-up no gears, no 
cams to remove. Fingertip control. 
Accommodates wire sizes from No. 20 
to No. 42 and finer. Winds up to 30 

coils at a time. Short or long runs. 
Learn exactly how you can increase 
your coil winding accuracy while cut- 
ting winding costs with a flexible 
Leesona No. 108 Hand-Feed Coil 
Winder. Send in the attached coupon. 
23B.8.3 


UNIVERSAL WINDING COMPANY 


FOR WINDING COILS IN QUANTITY ,. . ACCURATELY 


+++ USE LEESONA WINDING MACHINES 
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Universal Winding Company 
P. O. Box 1605, Providence l 
Rhode Island, Dept. 137 


Please send me: 


Bulletin on the Leesona No. 108 
Hand-Feed Coil Winders. 


Condensed catalog of 
Leesona Winders 


Vame 
Company 


oo eer re re Zone. . 





puts from thermocouples, radiation 
pyrometers, thermal converters and d-c 
strain gages. Ten pages include speci- 
fications, applications and mounting 
dimensions. Hagan Chemicals & Con- 


trols, Inc. > 686 


TYPICAL 
CAVITY 


SIGNALLING TIMERS—Single-sheet 
Bulletin 402 describes synchronous 
motor-driven timers with automatic re- 
set. Load contacts are rated at 10 amp 
while maximum time cycles are 1 min 
to 3 hr. Buzzer sounds when SPDT 
switching action occurs. Industrial 
Timer Corp. ->687 


RADIOISOTOPE USES—Four-page bro- 
chure presents theory of radioisotope 
measurements; highlights applications 
in industry and describes operating 





characteristics and applications of nu- 
clear thickness and density gages. 


DIA. , \. _ ca ! 

.250 + .0008 ___,! .0625 + 0005 Rediation Counter Laboratories. Incor- 
ae Ye | eee porated “ 

.062 DIA-+ .9005 te — .1875 + .0005 I ed. >688 

.281 + .0005 

GS heh, 55 eae daas RECTIFIER CIRCUIT AND TUBE SE- 

iT le ‘- Ip pp A | .375 + .001 LECTION— Application Note AN-179, 

VLELMADLLL LLL 2 titled “Quick-Selection Chart for Ree- 


tifier Tubes and Circuits.” is a chart 


designed to facilitate selection of a 
UNBELIEVABLY CLOSE TOLERANCES ene ecdicctabe topes tor 
on graphite jigs and fixtures any application requiring d-c voltage 


to 21 kv and current to 60 amp. In- 


.. but Speer can hold them! cludes table of electrical quantities 


involved in design of rectifier-type d-c 





Here are a few examples— 


* Concentricity of drill holes to .0005 T.1.R. power supplies and gives values of 


* Drilied holes as small as .005 held to + .0005 these quantities for rectifier circuits 
* Depth of holes heid to + .0005 shown in chart. Commercial Engi- 
* Oblong or “pork-chop" type cavities—length and neering, RCA. > 689 


width held to + .OO1, depth held to + .0O0OS 
HYDRAULIC MINERAL OIL —Bulletin 


Combine Speer’s superb machining skill with the wonders of Speer F-16 on special white mineral oil. 
Graphite itself and you have the perfect solution to many high-temperature Klearol, contains test and application 
problems. Graphite actually gets stronger as it gets hotter . . . does not data. L. Sonneborn Sons. Inc. —>690 
warp... will not split or break down under severe thermal shock. It is 

chemically inert and is not wet by molten metal or glass. Speer Graphite MINIATURE CLUTCHES AND BRAKES 
is the ideal material for many high-heat applications, such as transistor Series of electromagnetic disk brakes, 
jigs, fusing positioners, honeycomb jigs, furnace fixtures, brazing jigs, clutches and clutch-brake combinations 
glass-to-metal seals. are described in 13-page Bulletin 504-C 
BRING YOUR PROBLEMS TO SPEER! Years of experience in solving which includes engineering data, tor- 


que curves and drawings. Stearns 


tough high-temperature forming and positioning problems with graphite, : oa 
Electric Corp. >691 


plus Speer’s unusual fabricating skill, provide hundreds of answers for the 
aircraft, electronics and powdered metals industries. Use THE Coupon... 


and get full information relating to your particular application problem. STRAIN-GAGE INSTRUMENTATION 
Four-page Bulletin 106 describes line 
eo  — — — of 


strain-gage instrumentation and 

















| | input-conditioning equipment. includ- 
ERY2, () ing information on. strain indicator. 

| A St. Marys, Pa. | millivolt-per-volt standards. switching 
; , ; . , : si eae nits, regulated wer supplies and 

| TELL ME MORE about Speer Graphite Jigs or Fixtures. This is my | ee ee stig ste 
| ‘ ' implifiers for strain-gage use. Bytrex 
applic ation:— ene i Corp. > 692 

| Dies Title | DIFFERENTIAL D-C AMPLIFIER—Two- 

aNe ICL __ - : rr ° . 

| j page specification sheet describes 
| Company_ i ae i Model 114A amplifier which rejects 
i “common mode” voltages that appear 

| Address— om ts | equally on both transducer leads where 
long cable runs separate transducers 

| City - Zone State | from balance of instrumentation sys- 
o = (Continued on page 219) 
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Eon 
Barden Precision SR3SSX8 bearings as used in a synchro transmitter/receiver. 


BARDEN functional testing assures precision performance 


The SmoothRator, an electronic 
performance tester, was developed 
by Barden to check vibration as a 
measure of overall functional quality 
A standard quality control instru- 
ment at Barden, the SmoothRator 
is also used by many leading com- 
ponent and systems manufacturers. 


Precision-built synchros require small, uni- 
form air gaps and consistently low torque to 
provide accurate response to a generated 
signal. 


Barden Precision low torque bearings assure 
the required air gap by close control of radial 
play and concentricity. The SR3SSX8 has an 
extra large O.D. which eliminates the need 
for end caps, increasing air gap accuracy and 
reducing synchro complexity and cost. 


From research and design, through quality 
controlled production, functional testing and 
application engineering each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 


curacy but performance to match the de- 
mands of the application. 


Barden Precision bearings must pass rigid 
functional tests on the SmoothRator, the 
Torkintegrator and other Barden-developed 
or standard test devices. This functional test- 
ing is your assurance of consistent precision 
performance. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 


THE BARDEN CORPORATION 


69 East Franklin Street, Danbury, Connecticut 
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS © AIRCRAFT ACCESSORIES © COMPUTERS AND RECORDERS * MACHINE TOOL AND TEXTILE SPINDLES © OTHER PRECISION APPLICATIONS 
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These 500 


Natvar Products 


@ Varnished cambric—sheet and tape 

@ Varnished canvas and duck— 
sheet and tape 

@ Varnished silk and special rayon— 
sheet and tape 

®@ Varnished papers—rope and kraft— 
sheet and tape 

@ Varnished, silicone varnished and 
silicone rubber coated Fiberglas* — 
sheet and tape 

® Slot cell combinations, Aboglas® 

® Isoglas® sheet and tape 

@ Isolastane® sheet, tape, tubing and 
sleeving 

@ Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 

@ Extruded vinyl tubing and tape 

© Styrofiex® flexible polystyrene tape 

®@ Extruded identification markers 

*T.M. (Reg. U.S. Pat. Off.) OCF Corp. 


We will be very happy to supply information 
on any of our products on request. 
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Lndustrial Electrica, S.A., Mexico, D.F., manufacturers of 
transformers, uses class H insulation in transformers for unit 
substation service to minimize fire hazard and the risk of 
injury to personnel, 

The class H insulations are carefully selected to assure un- 
interrupted service. Natvar silicone varnished Fiberglas* is 
used in these transformers because of its demonstrated 
superiority for this service. 

Natvar silicone varnished Fiberglas exhibits excellent sta- 
bility of properties at continuous operating temperatures of 
180° C. and above. It is available in sheet and tape, ina 
wide range ol thicknesses and widths, either from your 


wholesaler’s stock or direct from our own. 


NATVAR <orroesron mm 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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tem. It amplifies only difference in 
voltages on the two lines. Differential 
amplifier is capable of attenuating 
ground loop noise by 160 db in the 
case of d-c, or 120 db for 60-cps hum. 
Kin Tel Division, Cohu Electronics, 
Inc. 693 


PIPE DIMENSIONS AND WEICHTS 

Technical Data Card 191 contains di- 
mensions and weights per foot of pipe 
in sizes 1g in. through 36 in. for all 
schedules. Babcock & Wilcox Co. +694 


SELF-SEALING COMPONENTS AND 
FASTENERS—Catalog 359 illustrates 
and describes line of single-unit, high- 
pressure seals and fasteners suitable 
for military, commercial and industrial 
applications. Indexed 12-page catalog 
lists military specifications, features, 
and applications for items such as 
toggle switch boots, rotary shaft seals, 
pushbutton switch boots, indicator 
light seals and self-sealing bolts. A.P.M. 
Sales Corp. >595 


BAKING VARNISHES—Nine-page tech- 
nical bulletin contains data on two 
varnishes and results of standard tests 
conducted to show their Class F prop- 
erties as insulating varnishes. John 
c Dolph Co. > 696 


ELECTRIC WAVE FILTERS—Fight-page 
Bulletin EWF/59-1 shows schematics 
and typical transmission curves for 
basic LC and crystal filters. Bandpass, 
band-elimination, lowpass and highpass 
filters are described and information 
needed for their design is given. Typical 
transmission response curves are in- 
cluded. Filter nomenclature is ex- 
plained. Reeves-Hoffman Div., Dynam- 
ics Corp. of America. >697 


BRASS NUTS—Included in 12-page 
brochure are engineering specifications 
on such items as machine screw nuts, 
hexagon nuts, cap and open cap nuts, 
knurled thumb nuts, lighting fixture 
parts; volume control, potentiometer, 
and switch nuts. Nuts meet American 
Class 2, 2B and 3B tolerances. Thread 
sizes range from 0-80 to 14-20, depend- 
ing upon nut type. Cornell Manufac- 
turing Co., Ine. >698 


VIBRATION PICKUP—Type 4-120 pick- 
up for 40 to 2000 cps is described in 
illustrated Bulletin Sheet 1575A. In 
bulletin are general description, speci- 
fications, applications and nomograph 
of this calibration standard for use to 
22 g. Consolidated Electrodynamics 


Corp. >699 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on 
¢ New Components and Materials 
¢ Literature for the Design Engineer 
* Feature Article Reprints 
¢ Advertised Products 
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THERMOSTATIC 
a 


ACTUATES ANOTHER 
PRECISION PRODUCT... 


| Westinghouse 
| MARK 75 


Circuit Breaker 


product of Westinghouse Electric Corp., Beaver, Pa. 


Westinghouse Electric Corporation has an answer to the 
high cost of network circuit protective devices. Their new 
Mark 75 line of molded case circuit breakers, available at a 
fraction of the cost of other high interrupting capacity 
breakers, can be used on high power applications up to 
75,000 amp capacity (240V a-c). This extremely high inter- 
rupting capacity breaker uses no fuses or reactors. It is 
available in four frames (HF, HK, HKL, HLM) identical in 
size, and interchangeable with the standard line of West- 
inghouse AB Breakers. The actuating element, of course, 
is Chace Thermostatic Bimetal. ‘ 


Our single product, as you may know, is thermostatic 
bimetal. In the third of a century during which we have 
concentrated all our development, engineering and produc- 
tion skills on the perfecting and manufacturing of one 
product, we have evolved a series of processes which we 
feel are as close to faultless as exist in the industry today. 
Our alloys and bimetal combinations are backed by literally 
years of testing and actual service before they are an- 
nounced to the critical buyers of such products. Chace equip- 
ment is the finest available and it is constantly checked and 
improved to keep abreast of production developments. 
That’s why people like Westinghouse specify the bimetal 
that never lets them down — why “You Can Be SURE... 
if it’s Westinghouse.” 


Designing a new temperature-actuated device? Send for 
“Successful Applications of Chace Thermostatic Bimetal,” 
36 pages of engineering data and useful design information. 
Remember, too, Chace Thermostatic Bimetal is available in 
strip, coil or completely fabricated elements of your design. 


W. M. CHACE CO. 
BENS Vel VV elt VIC 


1608 BEARD AVE., DETROIT 9, MICH. 
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TWIST WIRES... 


DIP IN SOLDER... 


naconda’ 


ready to solder magnet wire...is saving time and. 


A superior product is known by the companies that keep 
it. And many companies—from coast to coast—are doing 
just that with Anaconda Analac. 

Here's why: Analac* film-insulated, solderable magnet 


wire can be used similarly to Formvar or Plain Enamel— 


except that it is solderable without stripping! 


Soldering by dipping, iron or gun produces a perfect 
joint—in just one second in finer sizes—without removing 
the insulation. Analac reduces labor, saves time and money 
wherever many soldered connections are made, or where 
insulation removal is hazardous. 


Not only this, Analac has the excellent abrasion re- 
sistance and other good mechanical properties of the 


enamel wire youre now using. It handles readily, per- 
forms well in high-speed winding. 

Analac is colored a bright red with stable dye used 
many years for identical applications—making it highly 
visible even in finest sizes. This helps operators feel more 
secure, results in higher quality work. Distinctive color 
simplifies its identification, too, from nonsolderable wires. 

Analac is available in an exceptionally large range of 
sizes. The Man from Anaconda will be glad to give you 
more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cipal cities—or write: Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


*Reg. U.S. Pat. Off 





STRONG JOINTS—as strong as the same joints made 


in bare copper wire—are produced. Here in laboratory 
test, joint holds under high stress. 


EXCELLENT ABRASION RESISTANCE of Analac is 
shown in this test. It has the same high windability 
normally associated with Formvar, Plain Enamel. 


JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 
a 50-50 tin-lead solder at 360°C (680°F). The insulation is 
removed at the temperature of molten solder. 


a . ecaeeaaael CASES — designed and devel- 
costs for many industries 3. oped by Anaconda—protect spools of Analac from dam- 


age during shipping. Result: no breaks due to bent 
spools. 


[ee ee ee ee ee ee eee eee ee ee ee ee ee ee ee ee ee ee ee a ee a ee Gee eee ee 


See the Man from ANACONDA WIRE & CABLE COMPANY 


- C ® ’ ima 
NA Oo N D Please send me catalog C-95A on 
Analac ready to-solder magnet wire. 
for ready-to-solder sewn 
Analac NEW CATALOG ON ANALAC | SOMPANT: 


Yours for the asking. 


magnet wire Mall compen 


for your copy. 
Circle 225 on page 17 


ADDRESS. 


CITY, ZONE, STATE 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


New 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


DUAL-CONTROL INDICATOR 
THYRATRON 


Two coincident signals of 1.5 volts 
produce neon indicating glow in dome 
of subminiature thyratron Type WC- 
20. Single signal applied to either of 


two control grids produces no visual 
Suitable for 
tems, computers or data 
Filament requires 2.5 volts a-c; anode, 
65 volts a-c or 85 volts d-c. Bulb height 
less leads, 1.10 in. Wiltee Electronics, 
Inc., 53 Water Street, So. Norwalk, 
Conn. > 479 


indication. signal sys- 


processors. 


NYLON CABLE CLAMPS 


Clamp design incorporates a miniature 
quick-release tab which holds the band 
of the clamp tightly around wires, 
but which opens with light pressure. 
Tab allows adjustment of clamp to 
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Quick -RELEASE TAB 


accommodate wire harnesses from 1, 
to 2 in. diam. “Lok-Straps” are sup- 
plied in one size, are molded Nylon. 
and have service temperature range 
from —65 to +350 F. Panduit Corp.. 
14461 Waverly Midlothian. 
Illinois. ->480 


Avenue, 


SUBMINIATURE 
WIRE WRAPPER 


Wire-wrapping tool accommodates all 
wire sizes compatible with subminia- 
ture terminal size and spacings, includ- 
ing No. 26 and smaller. To operate, 
wire is inserted in off-center tool hole: 
pin is inserted in centered hole and 


tool is rotated to wrap wire around 
pin for solderless connection. Winkler 
Laboratories, 5225 No. 20th St., Phoe- 
nix, Ariz. > 481 


JUNCTION AND POWER 
TRANSISTORS 


Germanium n-p-n alloy-junction tran- 
sistor is suitable for large-signal a-f 
applications such as Class B push-pull 
circuits. Type 2N649 (illustrated) col- 


RC 
2N 


lector dissipation at 25 C ambient, 
100 mw max; power output with 20 
mv input, 100 mw max at 6 volts d-c 
supply. 
Germanium 


power 


alloy-junction 
suitable for 
switching or a-f service. Types 2N456 
and 2N457 dissipation at 25 C, 50 
watts max; typical rise time, 90-130 
usec. Radio Corporation of America. 
Semiconductor Division, Somerville. 


sas > 482 


p-n-p 
transistors are 


JUNCTION FOR PELTIER 
COOLING AND POWER 
GENERATION 


Compound semiconductor thermoelec- 
tric junction is designed for applica- 


tions where it is desired to maintain 


a temperature which is either above 
or below ambient. Control applica- 
tions such as quartz crystal ovens, criti- 
cal electrical circuits and many other 
applications where relatively low heat 
input or extraction is involved are 
suitable for TA-11 Thermo-cell. It can 
be used for cooling, heating, power 
generation and dynamic heat transfer. 
In normal room ambients, with an in- 
put power of 2 watts, it is possible 
to obtain a temperature difference in 
excess of 40 C. 


tion temperature is 


Minimum cold-june 
75 C. For gen 
eration purposes, an output power of 
approx 1/4 watt can be obtained from 


each Thermo-cell with a AT of 150 
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HOLE FOR 5%” 
DIA. BOLT 


250 amp. 


(HALF WAVE) 


SILICON AECTIFIER 


50 to 400 Peak Inverse Volts 


SILVER PLATED 
COPPER 


—> %-16 
17%.” 


Low thermal drop (less than 10°C junction to base) and low junction 
temperature rise (approximately 60°C) are built-in features in the 
Tarzian Y series rated at 250 amperes d.c. This combination minimizes 
“thermal-aging” problems and extends life expectancy. Ideally designed 
for use in welding, electroplating and electrolysis application, this series 
is also useful in any application that requires 1000 or more d.c. amperes. 


TYPE NUMBER 5Y3 10¥3 203 30Y3 40Y3 


Max. RMS Input Voltage (Volts) 35 70 140 210 280 
Max. Inverse Peak Voltage (Volts) 50 100 200 300 400 
Max. Peak Current Amps. 1500 1500 1500 1500 1500 
Max. RMS Current Amps. 500 500 500 500 500 
Max. DC Current Amps. 250 250 250 250 250 
Approx. Rectifier Voltage Drop (Volts) 2 2 2 2 2 
Max. Ambient Operating Temperature. ... 100°C 100°C 100°C 100°C 100°C 
Max. Surge Current (Amps. for 4 MS) 2500 2500 2500 2500 2500 
Heat Sink Size (2500 LFM of Air) 4”"x5"x'%4" Copper (for all types) 


POSITIVE BASE—TYPE Y3P NEGATIVE BASE—TYPE Y3N 


SARKES TARZIAN, INC., RECTIFIER DIVISION 


DEPT. M-@. 415 -MORTH COLLEGE AVE. BLOOMINGTON INDIANA 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 + EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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PLATE-TYPE 


RHEOSTATS 


DISSIPATE HEAT 
FROM BOTH SIDES 


Greater, two-side heat dissipation means 
you can use a smaller, lower-cost rheo- 
stat for a given rating. G-E rheostats 
are metal-encased and cement filled to 
dissipate heat from both sides and in- 
crease watt capacity. See how you can 
benefit from greater heat dissipation; 
follow reader service instructions below. 
General Electric Company, Roanoke, 
Virginia. 784-21 


Progress ts Our Most Important Product 


GENERAL @@ ELECTRIC 
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| be combined for 


| treated 


Units may 
capacities, 
1035 W. 

> 483 


C. Max current. 40 amp. 
greater 
Ohio Semiconductors, Inc.. 
Third Ave.. Columbus 8, Ohio. 


ENVIRONMENTAL TEST 
SOCKETS 


sockets for 
components 


relays or other 
electrical with hook. 
spade, turret or straight-pin terminals 


PI i 
v- 
ug-in 


| are available for most header configu- 


rations. Solid Teflon body with heat- 


beryllium contacts. 


suitable for up to 2000 cps 


copper 
Sockets 
at 20 g and temperatures from 65 
to +125 C. 
three-plane vibration test fixtures us- 
sockets. Automech Associ- 
399 Treadwell St.. Hamden. 
> 484 


Manufacturer can supply 


ing above 
ates. Inc.. 
Conn. 


VINYL INSULATION 
SLEEVING 


Transparent and fungus-resistant 
sleeving conforms to the requirements 
of Navy MIL-1-631C. 
Grades A and B. for electrical insula- 


Resinite EP-69C 


Specification 


tion applications. 


| sleeving is made of a clear vinyl and 


1etains low-temperature flexibility to 

75 F, high-temperature stability to 
185 F. and electric strength to 900 
mil of wall thickness. Mate- 
rial is self-extinguishing in 6° sec. 
Borden Chemical Co.. P.O. Box 1589. 
Santa Barbara. Calif. > 485 


volts per 


DC-DC STATIC CONVERTER 


Converter for computer, portable test 


equipment, emergency equipment and 


airborne equipment applications — is 


hermetically sealed and is insensitive 


to physical orientation. Specifications: 
output power, multiple, 150 watt max; 
size. 5.0 x 3.5 x 3.7 in.; input, 28 
volts d-c; line regulation, less than 
+] per cent. Magnetic Research Corp.. 
Hawthorne, Calif. > 486 


MERCURIC DIOXYSULFATE 
DRY BATTERY 


Dry battery may be applied to cord- 
less clocks, portable transistor radios 
and portable military and commercial 
communications equipment. Cell uses 
a zine-mercuric dioxysulfate system 
and discharges at constant 
throughout its life. It does not deteri- 
orate during months of storage and is 
inherently non-gassing and non-leak- 
ing. No-load output is 1.36 volts. Mal- 
lory Battery Co., Application Engi- 
Dept.. 60 Elm St., No. 
> 487 


voltage 


neering 
Tarrytown, N. Y. 


ADAPTER FOR BINDING POSTS 


(Adapter will lock on to standard bind- 


mounted on %4-in. centers 


receptacle. Ap- 


ing posts 
and provides coaxial 
proximately one-half turn of — lock 
screw expands a plated steel banana 


pin within the binding post. locking 


adapter in place. Model 100 is available 
in shielded and unshielded forms for 
BNC and uhf connectors. Highland 
Electric Co.. 1130 Mission St., So. Pasa- 
dena. Calif. > 488 


CYLINDER-TYPE AIR MOTOR 


\ir motor. a combination cylinder and 
solenoid-actuated air control valve, has 
built-in speed controls. Unit is avail- 
able with four mounting styles in five 
bore sizes from 114 to 4% in. and any 
practical stroke length. Hannifin Co.. 
501 So. Wolf Rd., Des Plaines, Ill. > 489 


ENCAPSULATED AXIAL- 
LEAD RESISTORS 


Wire-wound 
a variety of standard sizes and ratings 


resistors are available in 


or can be built to customer specifica- 
tions. Manufactured in standard toler- 
with 
tolerances of 440 per cent available on 


(Continued on page 227) 


ances of 1, 4% and 14 per cent 
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In high voltage transformers, 


other heavy duty 
electrical and 
electronic equipment... 


The trend in requirements for high 
voltage equipment is toward higher 
operating voltages, units of minimum 
size and weight, greater safety and 
lower maintenance costs. For these 
reasons, sulfur hexafluoride is being 
used to insulate a wide variety of 
electrical and electronic equipment. 

Sulfur hexafluoride is not only the 
preferred gaseous dielectric—it has 
also proved superior to liquid insula- 
tion in many applications. For ex- 
ample, the use of SF instead of oil to 
insulate high voltage transformers 
has the following advantages: 


High Dielectric Strength 

At atmospheric pressure, SF's has a 
dielectric strength 2 to 3 times that 
of air, nitrogen or carbon dioxide. 
This favorable ratio increases with 
pressure so that in the range of 2 to 3 
atmospheres SF has a dielectric 
value roughly equivalent to trans- 
former oil. 


Efficient Over Wide 

Temperature Range* 

SF¢ is stable in the presence of most 
materials of construction up to tem- 
peratures of about 150°C; remains a 
gas down to —63.8°C. 

*Where extreme inertness to other materials is 
required or when service conditions involve tem- 
peratures in the range of 150°C to 250°C (or 


higher!), Baker & Adamson’s Perfluoropropane 
(CsFg) is recommended. 


JULY 1959 


Reduces Noise Level and 

Weight of Equipment 

Both the noise level and weight of 
transformers can be reduced substan- 
tially by insulating with SF¢ rather 
than with a liquid. The low noise fea- 
ture is particularly important where 
residences are nearby. Weight sav- 
ings pay off for portable equipment 
and reduce installation costs for sta- 
tionary equipment. 


Safe to Use 

SF¢ is non-toxic, chemically and phy- 
siologically inert, fire-proof and ex- 
plosion-proof. 


Installation Savings 

Installation in fire-proof vaults is 
eliminated and bus runs can be short- 
ened drastically due to closer prox- 
imity of transformer to generator. 


Photo courtesy General Electric Co. 


THE TREND IS TO GASEOUS INSULATION 
WITH B&A SULFUR HEXAFLUORIDE 


Many of these advantages are also 
applicable to other commercial uses 
of sulfur hexafluoride, such as in: 


Interrupter Switches 

Radio and Microwave Frequency 
Power Transmission 

X-Ray Equipment 

Audio Equipment 

Cathode Ray Accelerators 

Van de Graaff Machines 

Television Filterplexers 

Radar Duplexers 

Gap Tubes 

Switch Gear 

Wave Guides 

Airborne Electronics 

Silicon Rectifiers 


Investigate all the advantages of B&A 
Sulfur Hexafluoride gaseous insula- 
tion now. Write for technical litera- 
ture. 


BAKER & ADAMSON® Electronic Chemicals 


llied 
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40 Rector Street, New York 6G, N. Y. 





A complete 


ESSEX°® line of 


APPLIANCE WIRE 
AND CABLE 


Samples ' . Approved by CSA — Bears UL Label 


SOLVES ALL YOUR 
WIRE AND CABLE 
ECONOMICALLY...AND Thermoplastic, Rubber 
N d Sili 
ow-specia. progiens amu at St 
CALL YOUR LOCAL INTERNAL REFRIGERATION, 
ESSEX OFFICE FOR HELP ROOM COOLER AND AIR 
sap ieieniia rae CONDITIONING WIRES Orker Essex Engineered 
BEST TYPE AND SIZE POWER SUPPLY CORDS SUBMERSIBLE CABLE 
FOR YOUR APPLICATION FLEXIBLE CORDS AUTOMOTIVE CABLE 
HEATER WIRE WELDING CABLE 


Consu/t your loca/ Essex office or write for samples and complete information. 


ESSEX WIRE CORPORATION 


Wire and Cable Diwision 
FORT WAYNE, INDIANA 


PRODUCTS 
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f 
j 
bP. 
special order. Diameters for standard 
Series E 
lengths %6 to 1 in.; rated loads, 14 
to 1 watt; max resistance 500 ohms to 
1.85 megohms. Precision, Inc., 4748 
North, Minneapolis, 
-> 490 


resistors, from 14 to 3 in.: 


France Avenue 


Minn. 


HIGH-TEMPERATURE 
RESISTANT THERMOMETERS 


Gages may be bonded to flat surfaces 
with a radius of curvature as small as 
14 in. Designed with “Hytemco” grids 
and nickel lead wires for continuous 
operation to 800 F (intermittent to 
1000 F), series MH 100, 200 and 400 
“Stikons” 
and development 


are applicable to research 
projects involving 
high temperatures. Minimuin size, *, 
x 7 in. with 2-in. lead wires. With 
proper bonding procedures, time con- 
stants to 14 sec are possible. Self-heat- 
ing error, 1 per cent at 15 ma. Arthur 
C. Ruge_ Associates, Incorporated, 


Hudson, N. H. > 491 


SERVO-MOUNTING 
POTENTIOMETER 


Wirewound potentiometer, Model 55, 
has been vibration-tested up to 24 g 
at 500 cps, and to 10 g at 1000 eps, 
available in  servo-mounting 
packaging or standard bushing mount 


Maximum resistance is 100 k ohms, 


and is 


with a tolerance of +5 per cent on 
standard units or +1 per cent on 
special types. Rated at 2 watts at 65 C 
over an ambient temperature range of 
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55 to +-105 C. Insulation resistance 
is 100,000 megohms for standard and 
500,000 megohms for special units. 
New England Instrument Co., 320 Main 
St., Woonsocket, R. I. 492 


ADHESIVE FOR RUBBER-TO- 
RUBBER BONDING 


Adhesive for heat-bonding dissimilar 
unvuleanized elastomers is designated 
as Adhesive EX-B150-1. Typical appli- 
cations include wire and cable jackets 
to insulation, hose covers and roll cov- 
ers. Adhesive will produce good bonds 
if one stock is cured or when one 
stock is based upon Butyl rubber. 
When used with a primer, it bonds 
rubber stocks to many other substrates 
such as plastics or metals. Special 
Products Div., Lord Mfg. Co., Erie, 
Pa. > 493 


SAFE/ARM EXPLOSIVE 
INITIATOR 


Initiator is designed to electrical and 
mechanical safety requirements of mil- 
itary-type safety and arming devices. 
Rotary solenoid controls position of an 
out-of-line disk rotor located between 


initiating element and final igniting 
charge. On reception of remotely orig- 
inating “arm” command, rotor is posi- 
tioned to subsequent firing 
command signal. At any time before 
firing of explosive, reception of “safe” 
command turns rotor of Model 2152A 
to make initiation impossible. Condi- 
tion of initiator can be electrically 
telemetered. Visual indication of 
“safe” or “armed” condition is dis- 
played on body of unit. Beckman & 
Whitley, Inc., San Carlos, Calif. >494 


permit 


HIGH-SPEED PRE-SCALER 


Pre-scaler is completely solid-state in- 
strument accepting low-level 
which are fed into a decade counter. 
The counter produces an output for 


pulses 


every ten discriminator output pulses 
and will feed scalers of lower speed. 
Model 301 pre-scaler resolving time, 
108 sec max for pulse pairs, with 
15/1 amplitude ratio between succes- 
sive pulses; required input amplitude, 
+0.2 volt min; discriminator range, 
+0.2 to +6 volts, settable +3 per 
cent; output pulse, 2 volts min; counter 





Consult 
Your Local 
Essex Product 
Application 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, lil, ® 


mone 


A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme. environ- 
mental conditions, 


Write for Bulletin MS-3 
R-B-M Control Div., Logansport, ind. e 


ee 
SSS 
WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. 
: ® 


ESSEX 


PRODUCTS 


CORPORATION 
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/PRECISION| 


ELECTRONIC 


ADJUSTABLE-SPEED 


DRIVES 


SPEED RANGE Infinitely adjust- 
oble from less than 36 rpm to 
more than 3600 rpm while de- 
livering full rated torque. Con- 
tinvous duty rating at all speeds. 


REGULATION Both line and load 
reguiation is better than 2 of 
1% of rated speed. 


HORSEPOWER Various models 
from % hp down to 1/200 hp. 
Motors of Y% hp and lorger are 
totally enclosed. 


REMOTE CONTROL A _ 10-turn 
potentiometer provides precise ad- 
justment ot any convenient loca- 
tion. 


GEARED MOTORS Motors are 
available with integral gear re- 
ducers. 


BRAKING-REVERSING 
trolled braking and 
models available. 


MAINTENANCE Fully encapsulated 
construction results in long service 
life. Plug-in construction requires 
only a screwdriver for servicing. 


OTHER MODELS Servo-Tek man- 
ufactures drives with silicon recti- 
fiers and adjustable autotrans- 
formers, os well as other thyratron 
drives with less exacting specifica- 
tions. Write for information in- 
cluding details of your proposed 
use. 


IMMEDIATE DELIVERY 


Relay-con- 
reversing 


Sewe-Tekh Ba 


PRODUCTS CO 


tmcoeroratio 


os 


Main Office 
1086 Goffle Road, Hawthorne, N. J 


14736 Arminta Street, Van Nuys, Cal 


rn Office 
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Pi 


indicator, calibrated meter. Size is 31% 
wide. 
Bright- 

> 495 


in. high x 6 in. deep x 19 in. 
Brooks Research, Inc.. Box 67. 
on Station. Rochester 10, N. Y. 


INSULATED ROD FOR 
HIGH TORQUE 


Paper-base, laminated-plastic sheath- 
ing is suitable for insulation of alu- 


minum or steel rods used under high 


torque. Sheathing of Insurok will ac- 
cept: multiple set-screw mountings of 
components without chipping or crack- 
ing. Insulated rods available in range 
of lengths, diam and varying insulation 
thicknesses. Richardson Co., 2860 Lake 
st.. Melrose Park, IIL. > 496 


FLUORINATED GREASES 


Chemically inert greases are suitable 


for use as coolants for high-power 


transmitting tubes and_ transformers 
and as lubricants in systems employing 
liquid oxygen. A rust inhibitor, zinc 
available in all 
milled 


grease consistency. 


chromate, is series, 
Fluorinated 


have conventional 


greases in form 
ranging from soft to medium, without 
the addition of soap or silica thicken- 
ers. Greases are designated 25-10M and 
25-20M. Those with rust inhibitor are 
25-10OMZ and 25-20MZ. Halocarbon 
Products Corporation. Hackensack. New 
> 497 


Jersey. 


COMPOUND ROTARY SWITCH 


Complicated circuit switching without 
relays can be accomplished with a 


rotary switch composed of several 
switches operated by common 


shaft. In Type WC-1447, six 


snap-action 


rotary 
15-amp 
pushbutton switches are 
arranged individually around periphery 


of aluminum case. A cam coupled to 


switches 
As shaft 


switches are suc- 


the shaft holds five of six 
in operated contact position. 
rotates, individual 
cessively transferred from operated to 
normal contact position, either NO ot 
NC. Cams may be designed to operate 
more than one switch at a time. Vari- 
individual switch 
types are available. Hetherington, Inc.. 
Folcroft, Pa. > 498 


ous cam types and 


REPRODUCTION SYSTEM 


System for making opaque pape! 
stocks transparent permits their use as 
intermediates in making direct repro- 
ductions of engineering drawings. 
After processing, a special sealer may 
be applied to preserve a permanent 
Hampton Proc- 


> 499 


master copy for filing. 


SSeS, Inc “a Newton. N. a. 


PLASTICS TURNS- 
COUNTING DIAL 


VerniDial H5850 consists of two co- 
axial dials with inner dial graduateJ 
in hundredths of a turn. Outer dial 
accumulates number of completed 
turns up to 20 turns. Rotation of inner 


dial indexes outer dial at end of each 


turn, Operating knob is directly con- 
nected to shaft of device being posi 
tioned. Dial can be driven from shaft 
end and has lock. Available colors or 
combinations include black, gray. off- 
white. yellow. orange. red and green. 
Howell Instrument Co.. 3101 Trinity 
St.. Fort Worth 7, Tex. >500 


SOLID-STATE DECADES 


Plug-in decimal counters are used for 
pulse-counting and _ frequency-division 
application in the 0-250 ke and 0-5 
me ranges. Standard electrical outputs 
for all N-Series models are N/10 and 
N/10 complement. All offe: 
auxiliary 9-step output for 
display. 
12 volts, except models with 


models 
staircase 
Power requirements: 
Nixie 
readout, which require 12, +75 and 
Visual readout arrange- 
ments include Nixie, incandescent, and 
0-250 ke 


decades 


meter 


75 volts. 
remote-readout — for units. 


Present 0- to 5-me include 
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POWER 


handling’ capacity 


of the new 


Westinghouse 


Silicon 


PO 


transistor! 


Greater than 99% efficiency when used to handle 1.5 kw of 
power in a low-frequency DC switch! Power loss is only 
10-15 watts when handling 1.5 kw. That’s just one of the 
impressive specifications established by a remarkable new 
semiconductor device—the Westinghouse Silicon Power 
Transistor. 


This Power Transistor is remarkable in other ways, too... 


e It is the first power transistor available in voltage 
ranges above 100 volts. 


e It has power dissipation capability of 150 watts made 
possible by the low thermal resistance of .7°C/watt. 


@ It can operate at higher temperatures than germanium 
(150°C., compared to 85°C). 


e It has astonishingly low saturation resistance—less than 
-5 ohms at 5 amperes and .75 ohms at 2 amperes, an achieve- 
ment made possible through extensive research and de- 
velopment of hyper-pure Siemens-Westinghouse Silicon. 


e@ It is 100% power-tested under actual maximum rated 
specifications before leaving the plant. 


e@ It is encapsulated in a rugged, all-welded case. 


HERE ARE A FEW OF THE APPLICATIONS... 

e@ Inverters and converters @ Data processing circuits @ 
Servo output circuits e Series regulated power supplies @ 
As a low frequency switch @ In class A amplifiers. 


Available in 2 and 5 ampere collector ratings in production 
quantities now. For complete specifications and details, 
contact your local Westinghouse representative. 


You CAN BE SURE...1F “Westinghouse 


Westinghouse Electric Corporation, Semiconductor Department 
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Youngwood, Pa. 
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no-readout or vertical incandescent 
models. Engineered Electronics Co., 
506 East First Street, Santa Ana, 
Calif. ->501 


TEN-MICROWATT RELAY 


Transistor-amplified relay has power 
sensitivity of less than 10 yw for posi- 
tive relay operation. Current sensitiv- 
ity is 10 wamp at 1 volt d-c or equiva- 
lent input resistance of 100 k ohms. 


ADVANCED MOTOR DESIGNS 


that meet the demands of the most exacting requirements 


Nearly half a century of 
design and manufacturing 
experience in the small 
motor field enables G. | 
to offer the most ad 
vanced engineering fea- 
tures. This, together with 
top-notch production 
know-how and latest man- 
ufacturing facilities as- 
sure you quality, depend- 
ability and economy so 
necessary to the success 
of your products 





Contact arrangements of Series 160 
are SPDT (1 Form C) or DPDT (2 
Form C) for loads to 3 amp at 115 
volts a-c or 29 volts d-c noninductive. 
Contact materials available are silver, 
silver-palladium alloy, palladium or 
gold alloy. Bias voltage requirement is 
16 to 25 volts d-c. Other relay sensi- 


MODEL-B FOUR POLE, FOUR- tivities available. General Automatic 
IL SHADED POLE MOTOR Corp., 12 Carlton Ave., Mountain 
owe . View, N. J. >502 


Designed for long life and dynam- 
ically balanced for extremely 
quiet operation. Self aligning, 
self lubricating bronze bearings, 


INTEGRAL-HP MOTOR 


! 
13 
16 

| 


‘earw | oa. | 

ipscew | ! 80 | 35 
ae 150 | 40 
[B-10-CW 
B-10-ccw | | 40 47 


+ 
| B-12-CW 135 47 


Max. Free Amps "Watts 7 wt 
Torque Speed 1500 1500 B c ; 
in./oz. RPM RPM RPM 


HP —_ Locked 
MODEL 1500 Torque 
RPM in./oz. 


! baked, varnish-impregnated wind- 
i ings, ample oil reservoir located 
6 for easy lubrication. Smooth, 

quiet — field proven! 


Lbs, 
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| 


1750 d a 4'’ | 10-32 | 2.7 
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1750 | . | %e" | He" | 10-32 | 3.1 


aq —— —————_+—___—. 


Thinline motor meets NEMA design 
B specifications for torques and start- 
ing current and has standard NEMA 
frame diameter. Motor can be mounted 
horizontally or vertically. Class A in- 
sulation system used on all drip-proof 
ratings and on 1-, 114-, 2- and 3-hp, 
1800 rpm and enclosed motors. Drip- 
proof designs are rated 40 C_ tem- 
perature rise, and enclosed designs are 
rated 55 C rise. Class B insulation is 


B-12-CCW 
‘ 4 


Above base on fan application with air stream flowing over motor, 
without air flow derateing necessary 


1760 | 1.05 77 2%" | He" | 10-32 | 3.4 
I -_ 


Designs to Meet the Needs of a Wide Range of Applications 


ap, Alig 





Write today for catalog sheet and quantity-price quotations. 
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—with Hi-Speed BANDOLUG Machine—Burndy's 
Automatic BANDOLUG machine offers a faster, 
more reliable method of terminating wire. Banded 
INSULUGs, mechanically secured to 1000 or 3000- 
lug flexible metal bands, are machine-fed into a 
die-set—the operator merely inserts the wire into 
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PRODUCTION 


the terminal barrel for a perfect connection. Inade- - 
quately stripped wire automatically rejected. A 
single machine accommodates cable sizes AN24 
thru 12, and 19 different stud variations. For smaller 
production runs, a variety of hand, hydraulic and 
pneumatic tools is available. 


Ts 

= 
—with Banded INSULUG Terminals—Color-coded, 
nylon-insulated INSULUGs, constructed of pure 
electrolytic copper for maximum conductivity, are 
tin-plated to resist corrosion and maintain low con- 


tact resistance. Available with round, spade, or 
fork tongue, all INSULUGs feature inspection holes 


OQulz === _ 5 


(permitting a rapid, visual check of wire insertion); 
insulation grips; and one-piece design. Fully 
tested to meet or exceed Military Specifications, 
INSULUGs withstand 1500 volts r.m.s., and are not 
affected by vibration or temperature extremes from 
—67°F. to 250°F. 


For detailed information, write OMATON DIVISION 


BSURAN DY 


Norwalk, Connect.; Toronto, Canada...!n Europe: Antwerp, Belgium 58-15 
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TAP-LOK’ 


threaded insert... 
taps its own threads... 


locks itself in... 
in ONE OPERATION 





With, Tap-Lok inserts you get long 
thread life in wood, plastic, alumi- 
num ‘or other soft materials, as well 
as in harder materials where thread 
wear is a problem. Tap-Loks cut their 
own threads and, because they force 
their way into the parent material, 
they lock themselves in permanently. 
Only one operation is needed, making 
Tap-Lox’s initial cost the only cost 
... thus their installed cost is lower 
than that of any other threaded insert. 

Tap-Lok inserts are available for 
any material, any application. For 
free samples and catalog, write today. 


Slotted: — Full V-form 
/ external threads provide 

maximum locking torque; 
permit wide choice of 
mating hole sizes 
Recommended for soft aluminum, zinc die 
castings, sand castings, plastics. Class 2B 
internal thread — MIL-MS 35914 


H-Series: — A heavy walled 
insert with truncated 
root external thread and 


‘three-hole cutting edges 
for hard-to-tap higher- 
strength materials and to meet MIL and other 
specs calling for Class 3B thread fit for 
gaging after installation 








W-Series: —Coarse-pitch 

external thread offers 

maximum strength; 

permits installation in 

small wooden sections 
without splitting. For furniture, cabinets and 
other wooden parts where stong, permanent 
threads are required 


Another fastener development from — 
} 

TAP-LOK / croov-pin , 

(4 CORPORATION } 


1128 Hendricks Causeway, Ridgefield, N. J. a 
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SIZE 8 CONTROL 
| TRANSFORMER 
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ised on 5-hp, 1800-rpm motors with 
enclosed rating at 75 C temperature 
rise. General Electric Co.. Schenec- 


tady 5, N. Y. >503 


Varian 


STRIP 
CHART 


Recorders 


SELF-RETAINING SPACER 


“Speed-Clip” serves as spacer for 
fastening printed-circuit boards — to 
chassis and similar applications. One- 


PMEN PRINTE a 





~~ 


piece spring-steel clip is self-retained | 
in fastening position. Clips provide | 


1 


over '-in. clearance between circuit 


board and chassis. Tinnerman Prod- | 
ucts, Inc.. Cleveland. Ohio. >504 


| 


High-impedance 100-cvele control 
ransformer Model CTC-8-A-6 has im- 
edance levels comparable to those 





found in Size 10 and 11) synehros. 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 
and $470 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


FOR COMPLETE SPECS. AND STANDARD 
OPTIONS, WRITE INSTRUMENT DIVISION. 








Maximum error of Size 8 unit is 7 
min. of are. Standard 11.8-volt inpun. 
Power input as low as 0.058 wait. 
Clifton Precision Products Co. Ine.. 
9014 W. Chester Pike. Upper Darby. 
Pa. >505 


INSTRUMENT CONTROL 
KNOBS 


Knobs are molded of — high-impact 
styrene with anodized aluminum in- r 








serts. Two set screws. Sizes from 1% 
to 114 in. diam available with or with- 
out dial skirts. Standard knob fits 
'4-in. shaft and can be furnished in 
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mirror or matte finish in blue, grey 


wm 


IR % i 


. (issih ee sai 
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or black. Lerco Electronics, Inc., 501 
So. Varney St., Burbank, Calif. —>506 


MYLAR COIL FORMS 


Line of Mylar thin-wall coil forms 
features cemented spiral windings that 
will not separate when the Mylar itself 
shrinks on exposure to temperatures 
of 400 F. In effect, the cement shrinks 






> 


SN 


with Mylar material. Tubes are suit- 
able for shrinking onto coils, heavy 
wires, capacitor cans and similar ap- 
plications. Forms available in any 
1D, OD or length. Wall thicknesses 
are 0.002 to 0.006 in. Precision Pape. 
Tube Co., 2035 W. Charleston St., Chi- 
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MINIATURE TUBULAR 
TERMINALS—Save time and 
labor in printed circuit 

assembly. Snap in 
instantly and hold firmly 


until permanently soldered. 


RECEPTACLES AND 

CONNECTORS—Fit quickly 
and firmly. For use with 
Malco Tubular Terminals 
and for similar quick 
connect and disconnect 
applications. 


WRAP-A-WIRE 
TERMINALS—Quickly 
inserted. Exclusive staked 


cago 44, IL >507 clinch-type feature locks 
terminal firmly until 
permanently soldered. 


CERAMIC LADDER FILTERS 


Miniature piezoelectric filters for use 
in i-f sections of superheterodyne com- 
munications systems occupy less than 
1 cu in. and are suitable for transistor 
circuit applications. Case is plated 
brass with glass seals. Frequency sta- 
bility within 0.2 per cent for 10 years. 
Shape factor and power insertion loss 
are dependent on bandwidth and de- 
gree of rejection desired. In narrow- 
hand filters the 60/6 db shape factor 
is under 2 to 1; in broad-band filters 
it is 1.2 to 1. Characteristic filter im- 

(Continued on page 235) 


SOLDER LUGS AND 
INTERLOCK CONNECTORS— 
Especially designed for 
production line assembly 

operations. Interlocks 

are ideal for interlocking 
printed circuits or 
flybacks, as speaker lead 
connectors or as 
transformer mounting lugs. 


SPECIAL TERMINALS 

AND CONTACTS—Malco 
Manufacturing Company 
has complete facilities 
to furnish practically any 
design or construction to fit 
individual requirements. 


MALCOMATIC* MACHINES 
—Designed for high 
volume production, these 
machines automatically 
insert, crimp or stake. 
They pay for themselves 
in time and labor costs, 
greatly speed assembly. 


*Request Bulletin 581. Send 
b/p or specs and annual 
requirements for quote. 


*Registered Trade Name 


& 
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For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750’ F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


SIRVENE DIVISION, 1279 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


telephor 


In Canada: Chicago Rawhide Mig { Canada, Itd., Brantford, Ontari 
Export Sales: Geon International Corp., Great Neck, New York 
c/r propucts: C/R Shaft & End Face Seals ¢ Sirvis-Conpor mechanical leather cups, 


packings, boots « CR Non-metallic gears 
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lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 
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pedance ranges from 1000 to 2000 general-purpose rugged power relay em- 
ohms at 455 ke. Center frequency TY ee U ; ; : . 
range of series is 100 to 1000 kc. ploying single coil construction and box- 


Clevite Electronic Components, Div. of 
Clevite Corp., 3311 Perkins Ave., 
Cleveland 14, Ohio. ->508 | alignment. Available contact forms from 1C to 5C. Can be 


type magnetic field. Movable contact springs. Positive contact 


supplied for either AC or DC applications. Sturdily made. 
WIREWOUND RESISTORS ” a . 


Two-watt wirewound _ resistor is 
priced below comparable carbon re- 
sistors. Tolerances are £5, 10 and 20 


/ 






| 


| 
per cent. Resistance range is 0.270 | 
through 4700 ohms. Size is e-in. 
square by %-in. long, with 11%-in. 
tinned-copper axial leads. Hamilton- 
Hall Resistor Corp., 227 N. Water St.. | 
Milwaukee 2, Wis. >509 | 


TERMINAL BLOCKS 


Blocks are supplied in a variety of 
models ranging from 12 to 29 termi- 
nals rated at 30 amp. Pairs or series 
of adjoining terminals may be internal- 
ly connected together vertically or 


| 
| 








sensitive ‘4 












miniature 





relay 





horizontally. Available in kit form. 
Standard block material, cellulose- Type TQA is a very 


filled phenolic resin; back plate, lami- 





nated phenolic; terminals, brass. Units compact efficient relay, 


accept Faston and Quick-Connect wire ideal for DC operation at 20 to 100 milliwatt 
terminals. Underwriters Safety Device ee ; 
Co., 4642 No. Lamon Ave., Chicago 30, sensitivities. If shock and vibration 
> ad is as ces 
- wt. negligible, 15 milliwatt sensitivity per pole is available. 
INTERNAL PINION COUNTER Can be supplied hermetically sealed. 
Miniature counter is used for digital Send for details and free Comar catalog. 


displays for a variety of vertical scale 


indicating panel applications. Model _ é 
10322 provides indications from 0000 } V 

to 9999 with return to 0000 in one- ; 

unit increments. Available as_ three- J 

drum counter for three-digit indica- 


tion. One revolution of shaft advances | ELECTRIC COMPANY 


or reduces the counter 10 units. 3349 ADDISON ST.. CHICAGO 18, ILL. 
Counter is designed for continuous op- wi 


eration at 300 rpm, may be operated veer A - aah 
cides ox Gk tom aad. ew | F} RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 


{ 
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when you need 


insulated wire 


that’s... 


then specify 


CONTINENTAL 
insulated wire 


There's a wide selection of types and sizes... insulated with as- 
bestos, nylon, polyvinyls, silicone rubber, glass, Teflon, Kel-F, and 
many other insulations in stock or especially engineered for your 
application. 





For more information, write giving amperage, voltage, diameter 
limitations, operating temperatures and conditions. 


og2 rizr2e72ra! WALLINGFORD, CONNECTICUT 
w2aze corporation YORK, PENNSYLVANIA 
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forms to MIL-E-5272A. Stainless steel 
ball bearings used throughout. Bow- 
mar Instrument Corp., 8000 Bluffton 
Rd., Fort Wayne, Ind. >511 


INERTIA SWITCH 


Switch can be mounted in any plane to 
detect acceleration forces caused by 
roll, pitch, yaw, etc. Standard units are 
factory-adjustable from 1 to 3 g with 
special units up to 50 g. Operating 
temperature range 55 to +100 C. 





Accuracy +5 per cent, time constant 
at 25 C is 1 sec. Switch is SPDT and 
can be adjusted for equal or unequal 
sensitivity from either direction in one 
plane through longitudinal axis. Switch 
reset is automatic and contacts are 
rated 100 ma at 28 volts d-c. Magnavox 
Co.. Dept. NP. Government & Industrial 
Div.. Fort Wayne, Ind. >512 


GEARLESS FHP 
SPEED REDUCER 


Ball transmission type reducer is cou- 
tained within 4-step V-type pulley. 
Torque-Master unit may be operated 
as 3:1 speed reduction unit. or locked 
in direct drive for delivery of full 
motor rpm. Direct-reading dial cali- 
brated in in.-lb may be set for maxi- 


i 


is |) 
AW. 
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mum torque desired. Offered in 5- and | 


6-in. diam for shafts of 4% to %4 in. 
Roberts Aircraft Engine Co., 203 No. 
Lake St.. Burbank, Calif. >513 


BNC R-F CONNECTORS 


Connectors are partially pre-assembled 
before shipment into three basic parts 
plus optional boot. “Quick-Crimp” fam- 


ily consists of 19 connectors which mate 
with standard BNC connectors if de- 
sired. Center contacts gold-plated. Volt- 
ige rating, 500 volts peak. Amphenol- 
Borg Electronics Corporation, Chicago 
50, 1. >514 


PRECISION WIREWOUND 
RESISTORS 


Resistors in approximately 40. sizes 
and wattages meet MIL-R-93B and 
MIL-R-9444 specifications. Tolerance 
for single units is 0.01 per cent in 


’ 
d 
>. 
Rigas 4 
production quantities; 0.005 per cent 
in experimental quantities; to 0.001 
per cent relative for matched sets in 
production quantities. Wattages, 0.1 
to 2.0; size, 44 x %% in. to 4% x 2 in. 
Temperature coefficient for production 
quantities is +10 ppm over 25 to 125 C. 


Leonard Electronics Inc.. 1209 Olympic 
Blvd., Montebello, Calif. “PSS 





LOW-TORQUE 
POTENTIOMETERS 


Two miniature sensitive potentiometers 
will withstand vibration to 1000 cps 
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SERVO-AMPLIFIERS! 


an addition to the DIEH L family of 


INSTRUMENT SERVO COMPONENTS 


This new line of Instrument Servo- 
Amplifiers, coupled to an already es- 
tablished family of DIEHL Instru- 
ment Servomotors, Tachometers and 
Gear Reducers, further expands the 
new DIEHL concept of furnishing 
high quality servo components in 
modular form. 

These units have been designed so 
that a true servomotor-amplifier com- 
bination featuring faster SERVO re- 
sponse is at last available from a 
single source of supply. 

DIEHL Instrument Servo-Amplifiers 
are supplied in ratings suitable for 
driving the popular 1, 5 and 10 watt 
motors and use printed circuitry for 
high reliability. 


Write for detailed information on this com- 
plete line of Instrument Servo Components. 


FEATURES 


e Standard rack mounting. 

e Control adjustments for gain, 
phase, internal feedback, and 
external feedback. 

e Push-pull output stage 
matched to motor control 
phase. 

* A.C. or D.C. input. 

e With or without integral pow- 
er supply. 

¢ Reliable, premium quality 
vacuum tubes. 


piel 


* sincer + 





DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


other available components 
* AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS * RESOLVERS 


*A Trademark of DIEHL MANUFACTURING COMPANY tA Trademark of THE SINGER MANUFACTURING COMPANY 
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with no alteration in output accuracy. 
Both have noble-metal resistance ele- 
ments ranging from 100 to 100 k ohms. 
Model 85111 Microtorque (illustrated ) 
features jewel bearings and has 0.031- 
in. diam shaft. Model 85151 Mini- 
torque has ball or sleeve bearings and 
0.125-in. shaft. Torque of both, 0.003 
to 0.025 oz-in.; standard linearity, 
+0.5 per cent; for higher resistances, 
resolution is 0.24 to 0.05 per cent. 
Giannini Controls Corp., 918 E. Green 
St., Pasadena, Calif. >516 


MERCURY PUSHBUTTON 
STATIONS 


All-weather series of Merc-Amatic 
stations are sealed mercury contactors 








. 
for handling 20-amp loads. Pushbut- 
el 
ton operators located under hinged, 
cast, spring access door. Cast housings 
Tigerman Engineering Co., 4332 No. 
T502U HEAVY DUTY VARIABLE TRANSFORMER | “““" ““’ 
POLYETHYLENE CLIP 
Clips molded from polyethylene are 
e ae : ms adaptable for use as production setups 
Sjuare aluminum base type for interchangeability and for holding precision instruments. 
and ease cf mounting back of panel. Type T502U Clips have sufficient gripping action to 
Adjust-A-Volts give smooth, continuous control of hold 8-lb polished steel rod in vertical 
5 position, Eight different sizes are avail- 
voltage in heavy industrial and commercial power able, ranging from 1%-in. slot grip to 
equipment where control of heat, light and speed a l¥s-in. ring grip. Slot-type grip is 
- tial. Available i P : satisfactory for holding items such.as 
aie Cn Semel eT) blades, chisels and small diam tubing. 
moter driven. Larger sizes are used to hold _ tools, 
(Continued on page 242) 
+. 
+ 
Specifications ge area er Ca Eu CC 
Adjust-A-Volt line which includes standard 
Bb aed bench and panel mounted manual or motor- 
Load Rating (KVA) 7.5 driven units, 50/60 or 400 cycle; high Se 


ue Came Mm MOU e O em UTLD E18 
eh eh het i a and special designs. Single or three phase 
Max. Current (Amp.) 32.5 ratings up to 130 KVA 


Rated Current (Amp.) 25 Adjust-A-Volts are stocked by leading jobbers. 
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Wonders in Miniature. Snow- 
flakes are excellent examples of how 
Nature uses tiny things to achieve great 
effects. Individually, these microscopic 
crystals are masterpieces of symmetrical 
beauty. Collectively, they have a decided 
influence on this planet's living conditions. 
Man follows Nature's lead by using mini- 
aturization as a powerful force of action. 





Miniature Pressure Switch, ap- 
proximately 134” long, has exceptionally 
high resistance to radiation. It maintains 
performance characteristics and calibra- 
tion at 1000°F and in a reactor environ- 
ment, operating in lines up to 10,000 PSI, 
with no seepage or leaks. Construction 
includes two MPB bearings to support 
movement of highly sensitive member. 





Man With Mlracies. Gordon 
Colson, an MPB Sales Engineer, worked 
closely with the firm producing the small 
high-pressure switch. He provided tech- 
nical assistance for their engineers in 
selecting exactly the right bearings. To 
aid in solving your engineering problems 
with miracles in miniaturization, an ex- 
perienced MPB technician is available. 


New Miracles in Miniaturization GQ moe mses mane nn won am 


Reaching new heights, in outer space or in 
everyday industrial efficiency, calls for a 
good deal of new equipment, which usually 
calls for new miracles in miniaturization. And 
which, in turn, calls for experience like 
MPB's in making smaller bearings to meet 
greater scientific and industrial needs. MPB 
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has specialized in this and produces over 500 
types and sizes of bearings, ranging down to 
1/10” O.D., with specials as required. Our 
catalog will bring you complete facts on these. 
For catalog, or engineering advice, or both, 
write Miniature Precision Bearings, 
Inc., 607 Precision Park, Keene, N. H. 
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MINIATURE PRECISION 


VFB 


BEARINGS. INC 


Helps you perform miracles 
in miniaturization 


ee 
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+12 volts 


> 4-9 


1100 ohms 
1EGaG TW 
| OSCILLOSCOPE 


MERCURY WETTED- 
CONTACT RELAY 
PULSE GENERATOR 


oe 


Z out = 50 ohms 


Ig=10 ma 
TEMPERATURE = 25°C 


~1S volts 1.5 volts 


+12 volts 


OUTPUT 


| 
| 
| | is] nets 


| 
— + li volts 
a f° ry TYPICAL SWITCHING TIME 
te = 8 mypsec ‘ee* 7 mysec 
jt, > Mite *- t, = 5 mpsec t, = 5 mysec 
4 ty® tg tt, + tga tt, = 25 mysec 


TOTAL SWITCHING TIME NON-SATURATED CIRCUIT 


INPUT jg 5 — 


OuTPUT i. 
Ao 


Temperature: 25° 
Collector Current “0 moa 


W=I20 mysec 
$e 200 mysec 
= 3 to 6 volts min 
Gin Double poes eee 
Z out = 50 
—3 volts Ag aaa ton ‘ith 50 ohms 
200 yt 200 ppt 
ee ea > INPUT 
TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE 


IN SATURATED FLIP-FLOP 


Temperature : 25°C 
Input Pulse Spacing: 40 mysec 


| _ 
1 —i3y 


TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 
IN NON-SATURATED FLIP-FLOP 





NEW 


SILICON 


TO-18 PACKAGED 
DIFFUSED-BASE ‘MESA’ 
TRANSISTORS 


Now available for your evaluation, 
AcTUAL SE} the subminiature 2N702 is built 
specifically for your 5-20 ma transistor logic 
switching applications. 
This newest addition to TI’s line of diffused- 
base ‘mesa’ transistors features... 


@ Guaranteed dc beta of 15 to 45 

@ 50 mc minimum unity beta frequency (f,) 
@ Maximum 12 yf output capacitance 

@ Subminiature 10-18 package 


As do all other TI semiconductors, the 2N702 
carries a full-year guarantee to published 
specifications. Check the specs at right and 
contact your nearest authorized TI distrib- 
utor or your TI sales office for detailed 
information. 





FROM THE WORLD'S LARGEST SEMICONDUCTOR PLANT 


25musec 


SWITCHERS FROM TI 









Actual photo of collector wave form as 
shown on traveling-wave oscilloscope 


absolute maximum ratings (25°C) 


enenene SIU ISIN ee gn ree OR en ee i 
en i on pl wl ar ple eee wey wie ee 
eh Tt gt a. oe lg SiMiieu ee 44) esi wrhedle le: scp on wae 
Sy te ea Soa ek oo a eet We ee ewe a6 we pe ee 
Dissipation (100°C Free Air, Derate 0.5°C/mw) . . . .... 2... eee Posy eo eee 

design characteristics at 25°C (except as indicated) 
Symbol Characteristic Test Conditions Min Typ Max Unit 
leo Collector Cutoff Current Veg= 10v,l-=0 0.5 wa 
lego @ 150°C Veg= 10v,l-=0 50 ua 
BVcgo Breakdown Voltage lego = 10 va, Ip = 0 20 v 
BVceo Breakdown Voltage lceo = 10 va, lg = 0 15 v 
hres DC Beta Vee= 5, lc= 10 ma 15 45 
BVego Breakdown Voltage le = 10a, Ic = 0 5 v 
Vee Input Voltage Veg=5v,le= 10 ma 0.7 1.2 v 
Cob Output Capacitance Vep=5vile=0 7 12 uf 

f= 1 me 
ft Frequency at which Vee=5v,l_e= 10 ma 50 100 mc 
he is unity 

Vog+ (Sat) Saturation Voltage lc = 10 ma, lg = 2 ma 0.6 v 

* Tested using pulse measurement. NOTE: These units meet JEDEC outline TO-18 dimensions. A drawing of this package is attached. 





ip), INSTRUMENTS 


INCORPORATED Write on your company letterhead 


® SEMICONDUCTOR - COMPONENTS DIVISION describing your application for 
13500 N. CENTRAL EXPRESSWAY rs . 
POST OFFICE BOX 312 + DALLAS, TEXAS specific details on Tl products. 
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35,000 Luxolene Molded Coils a Day 


That's the present production capacity at Deluxe Coils 
—and your assurance of fast, on-time deliveries 


In the approximately two minutes it takes you to 
read this, Deluxe Coils could have produced more than 
140 Luxolene molded coils to your specifications. 


The company’s Huntington, Indiana, conveyorized 
assembly line (shown above) is Deluxe Coils’ answer to 
the growing demand for the moisture-resistant Luxolene 
coils. The plant’s present production capacity: 35,000 
coils—large and smalli—EVERY DAY!! 


To you, as a Luxolene coil user, this production capa- 
city means shorter time cycles between coil “specs” and 
delivery ... and a positive assurance that the coils you 
need will be where they’re needed exactly when they’re 
needed—at a cost you can afford. 


For specific information on what Deluxe Coils’ Lux- 
olene production capacity can mean to you—and how it 
can speed your orders—write to Deluxe Coils, Inc., 
Wabash Indiana or Phone Wabash-1720. 


DELUXE COILS, INC. 
POST OFFICE BOX 318 e WABASH, INDIANA 
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dies or to dampen vibration in hy- 
draulic and other pipe lines. Clips 
retain gripping action at moderately 
high temperatures and can be used in 
corrosive atmospheres. Poly-Products 
Co., Box 185, Sellersville, Pa. 518 


CONSTANT-LEVEL OILER 


Oiler will automatically maintain the 
oil in a bearing at a constant level 
and incorporates a sight in the base. 


Style CS oilers are furnished with 
14-in. pipe thread on side and bottom 
outlet. Either outlet can be used. A 
shut-off holds oil supply in reservoir 
when filler cap is removed. Air intake 
of 1,-in. female pipe thread allows 
an air filter to be inserted. Air intake 
can also be piped into top of bearing 
housing to equalize any pressure differ- 
ential. Oil-Rite Corp., 2392 Waldo 
Blvd.. Manitowoc, Wis. “PoI9 


DIAL-TYPE COUNTER 


Counter may be used as a_ position 
indicator for servo systems with con- 
stant torque over entire range. Fea- 
tures include two concentric pointers 
and bold index marks and numbers on 
white face. Red sweep pointer is con- 
nected directly to input shaft and 
coarse pointer back-geared to input 
shaft, 10:1 for analog or 36:1 for 
angle function applications. Semi-flush 
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MINIATURE 
AGASTAT’ 


time /delay/relay 


MEASURES ONLY 
xl xl” 





The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


Easily adjusted timing ranges as short as .030 seconds. 
Repeat accuracy of + 5%. 

Time delay on energizing or de-energizing. 

For DC or AC operation. 


Hermetically sealed or dust-proof housings. 


Write today for the full details on the new miniature 
Agastat. Dept. A36-721. 


AGA ELASTIC STOP NUT CORPORATION OF AMERICA 
ee 1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
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METAL 


TERMINAL 


TAGS 


~<WIRES MARKED 


y 


~~~ PERMANENTLY... 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAC CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 


Af 
« 
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Series 


Overall 
dimensions 
2 13/32" x 
2 53/64 


The Alliance JS line of motors is versatile in use, 
high in quality, low in cost. Because of its leader- 
ship in subfractional motors, Alliance can maintain 
mass production economy while offering you a 
selection of six basic JS models plus variations in 
many specifications 

The JS series of shaded pole induction motors 
is a dependable power source in phonographs, tape- 
recorders, business machines, coin operated ma- 
chines, valve and heating controls, and many other 
applications 

JSG Series Gear Train Motors is used for TV 
tuners, rotisseries, remote controls and other appli- 
cations, the JSG motor has standard dimensions 
with customized electrical and mechanical char- 
acteristics 

Permanently lubricated self aligning bronze 

bearings assure trouble-free performance 
Optional specifications include: internal 
fan, direction of rotation, anti-corrosion 
finish, water resistant coil, threaded 
or stepped shaft, mounting arrange- 
ments, torque and watts input. 


THE ALLIANCE MANUFACTURING COMPANY 
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Connectors 


and Swi SWITCHBOARD 
JACKS 


Ruggedly built long frame telephone switchboard 
jacks in 3 frame designs and all standard circuits. 
Welded steel frames assure rigidity. Nickel silver 
alloy springs supply greater service life and resist- 
ance to corrosion. Made in commercial types with 
fine silver contacts — military types to Mil-J-641 
specifications. Special contacts and circuits as 
required. 


All items in the entire line of Connectors and 
Switches are soundly engineered, sturdily con- 
structed of high grade materials and designed to 
require minimum space. Design changes for other 
than standard applications readily supplied. Our 
engineering department will work with you on any 
such desired variations from standard items. Write 
for complete catalog. 


ELECTROCRAFT, INC. 


4416N. Kedzie Avenue 
Chicago 25, Illinois 


CHEESES SEEEEESHSHSHESSHSHS SHEESH EESSEEEEHEHSHEHEHOHEEEESEEEEE 
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NYLON BOBBINS © 
Production Cost 


A. Flange Size 
Maximum 2" «x 3° 
B. Core Size 
Maximum 
Costly secondary operations Minimum 5/32" 
eT Te lle halal alate) Cc. Core Length 
rating economical terminal Maximum 1-1/2” 
PPTs PM Melee Me lelal Minimum 174" 
Winding rejects resulting from , D. Wall Thickness 
insecure flanges are elim eB Maximum -093” 
Minimum -025” 


_ 


inated 


Cosmo Nylon Bobbins are 
accurately and economically 
molded to your particular 
specifications Dimensional 
stability, high precision, close 
tolerance and reliable uni 
formity is assured 


Our engineering service is 
available on request. Send 
your specs to Cosmo for 
prompt action 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Canada 


rs ee 
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bezel OD is 3'%6 in. D. S. Plumb Co.. 
Inc.. 77 Norfolk Street, Newark 3. 
N. J. ->520 


SIZE 8 MODULAR GEAR HEAD 


Gear head is designed for use in con- 
junction with a servo motor in com- 
puters, servo systems and similar pre- 


cision devices. Available in ratios to 
178:1. All gears in Model T612 are 
aluminum bronze except for output 
gear of stainless steel. Output torque. 
25 oz-in. max; backlash, 30 minutes 
max. Sterling Precision Corp., Instru- 
ment Div., 17 Matinecock Ave.. Port 
Washington, N. Y. >521 


TRANSISTOR SERVO 
AMPLIFIER 


Plug-in 6 watt 400-cycle servo ampli- 
fier occupies 9 cu in. Its operation is 
instantaneous and it plugs into standard 
octal-type socket. Amplifier is avail- 
able in encapsulated form or in a form 
suitable for quick repair. Voltage gain. 
over 4500; input impedance over 70 k 
ohms at 27 deg C. With variable gain 
control. Withstands vibration in ac- 
cordance with MIL-E-5272. Belock In- 
strument Corp., 112-03 14th Ave., Col- 
lege Point. N. Y. > 522 


CENTRIFUGAL CLUTCHES 


Packaged clutch for 1- to 3-hp elec- 
tric motors engages at 2000 rpm ap- 
prox with the springs provided. Other 
springs are available enabling the 
clutch to be engaged at selected speeds 
in range of 1450 to 3100 rpm. Shaft 
sizes accommodated by 3-in. diam 
clutch models are 4%. % and %4 in. 
while 3°5,-in. clutch is designed for 
shaft diam of °g. 34 and 1-in. Pulley 
diam is 3-in. except for 1l-in. shaft 
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Whatever you do with air— 
YOULL DO IT BETTER WITH A DELCO! 


Air conditioning, refrigerating, ventilating, or heating—there’s a 
Delco motor designed for the job. Shown here are just a few of the eeneeas 
many different motors Delco manufactures for the air moving ‘—— 
industry. D E L Cc | @ ] 


Delco’s complete line includes: shaded pole, extended winding, MOTORS 
permanent split capacitor, split-phase, and capacitor start motors; 

direct drive and belt drive motors; a variety of mountings for easy Delco Products 

installation; lubrication systems designed for dependable, quiet Division of General Motors, Dayton, Ohio 
operation, and a minimum of maintenance; all are quality-built the 


- * APPLIANCE MOTORS 
Delco way to provide long, trouble-free service. 


® INDUSTRIAL MOTORS 
For the complete story on Delco motors or application and engi- 
neering assistance call the Delco office nearest you. And remember, 
even a fine product is no better than the motor that powers it—be + GENERATORS 
sure yours is the best—-GO DELCO! 


© HERMETIC MOTORS AND CONTROLS 


Hermetic Motors, Relays, 
Controllers, Capacitors 


Direct Drive 
Shaded Pole Motor 


Belt Drive Split-Phase Motor, 48 Frame 
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Savings 


Large 15 ampere contacts elimi- 
nate additional load relays. 


@ Stop down time with plug-in com- 


ponents for fast timer replacement. 


Easy to set dial whether short or 
long timing. 


Choice of 9 actions available for 
each of 3 contacts. 

Select operation required for your 
circuit. 


Accuroay 


@ Set dial to exact time required. 


No guessing at numbers. 


@ Accurate repeatability insures uni- 


form production. 


@ Proven reliability in thousands of 


industrial processes for more than 
25 years. 
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Install timer in seconds with op- 
tional plug-in feature. 


seeereew ee eer eee eereeree eee eee 


EAGLE SIGNAL COMPANY 
Dept. EM-759 
MOLINE, ILLINOIS 


FREE 


data on 


Bulletin 
Microflex 


Please send 


complete 


110 containing 
Reset Timers. 


NAME AND TITLE 
COMPANY 
ADDRESS 


STATE 


Circle 251 on page 17 





model, which takes a 31%-in. pulley. 
Fairbanks, Morse and Co., Magneto 
Div., Beloit, Wis. >523 


BLIND RIVETS 


“Pop” rivets are hollow rivets assem- 
bled on solid mandrels and used where 
there is no the side 


access to other 


of the work. Rivets are inserted by 
operator and can be set with manual 
or powered tools. Retracting jaws of 
tool pull mandrel into rivet until man- 
drel breaks under tensions to 1600 lb. 
Same length of rivet used for assem- 
blies from 0.020 to 0.625 in. thick. 
Rivets made in combinations of man- 
drel and head types and in various 
materials. Pop Rivet Div., United Shoe 
Machinery Corp., Shelton, Conn. >524 


POLY PROPYLENE 
INSULATION MATERIAL 


“Prolene” has a melting point of 166 C 
approx, appreciably higher than poly- 
ethylene, and 
chemicals. Tough, hard 


excellent resistance to 
material has 
dielectric constant of 2.0 and specific 
gravity of 0.9. range 
ot colors. Phalo Plastics Corp., Shrews- 


bury, Mass. >525 


Available in a 


MOISTURE-PROOF TIMING 
MOTOR 


Synchronous motor designed for chart 
drives, timing devices, and similar ap- 
plications is covered and sealed against 
the entrance of 
shaft opening. 
30 oz-in. at 1] 


maintained 


moisture except at 
MP11 


rpm. Synchronization 
range of 103 to 132 


ype torque, 


over 
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ANIFORM: UNIFORM 


ICKERS. 
SILICON POWER RECTIFIERS 


SOUND ENGINEERING © PRECISE MANU- 
FACTURE * THOROUGH TESTING 
assure 


GREATER RELIABILITY * CONSISTENT 
QUALITY « LONGER LIFE 


Every Vickers Silicon Power Rectifier offers the same excellent 
operating characteristics: extremely low reverse current and for- 
ward drop; stability at high temperatures; greater economy, with 
current ratings as much as 25% above other rectifiers of similar 
size and price. 

This uniformity is achieved through stringent manufacturing 
and quality control techniques, with “‘surgical’’ cleanliness at every 
stage of production. Uniformity in manufacturing produces higher 
yield of perfect rectifiers at minimum cost to you. Uniformly high 
product quality means exceptional reliability—low maintenance 
costs. 

For complete information on Vickers Silicon Power Rectifiers, 
available in 2, 8 and 12 ampere sizes, contact the sales engineering 
office below, or write for Series 3300 Bulletins. 


CATALOGUE NUMBERS 


DIMENSIONS 
VOLTAGE |> AMPERES | 8 AMPERES 


VICKERS INCORPORATED Pore 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET « SAINT LOUIS 3, MISSOURI 


Sales sy. touis—Centrol 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representotive)—CEdor 5-6815 
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~~. VINYL INSULATION SLEEVING 


—-s < 


—e 


- 


EXTRA PROTECTION 


..-against extreme heat, oil and pitch 


Why settle for ordinary 105°C Grade vinyl insulation sleeving 
when Resinite Super-Heat 125 far surpasses all requirements, 
yet costs no more? For use in U.L. 105°C applications. 


EXTRA-WIDE TEMPERATURE RANGE 
Effective from -42°C to 
125°C. 

EXCEPTIONALLY TOUGH 

Highly resistant to abrasion 
and cut-through. 

HIGH DIELECTRIC 

1000 volts mil avg. 

5 COLORS 

Black, white, blue, yellow, 
green. 


SUPERIOR OIL RESISTANCE 
Withstands prolonged expo- 
sure to hot oil, tar, varnish, 
pitch. 


FULL SIZE RANGE 
.018" through 2” |.D. 


SOFT-WOUND SPOOLS 

Exclusive Resinite ‘‘Soft- 
Wound” spooling assures 
full-round (not flattened) 


Write for samples and performance data. 


ah 4 1141 eh COCR Patt 


* No. Andover, Mass 


eee tm Lacie ee | 


Rf 
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SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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volts a-c. For 120 or 420 volts at 50 or 
60 cps and shaft speeds between 1/60 
and 60 rpm. Haydon Div. of General 
Time Corp., 245 E. Elm St.. Torrington, 
Conn. > 526 


PUSHBUTTON ATTENUATOR 


Type 7130 network dial-lights indicate 
total attenuation in decibels when one 
or more dial buttons are depressed. 


\ll units have flat frequency response 
from d-c to 225 me and are available 
for a total of either 120 db in steps 
of 2 db or 100 db in steps of 1 db. 
using standard Daven RF 540 and RF 
550 attenuators. Daven Co., Livingston. 


a. J. > 527 


GENERAL-PURPOSE RELAY 


Relay has standard contacts of silver- 
cadmium-oxide mounted on beryllium- 
copper blades. SPDT through 3PDT 


contacts are rated up to 10 amp. 
Available in all standard a-c or d- 
voltages, the relay can be supplied 
hermetically sealed or open with 
ambient temperature range up to 125 
C or in dust-proof model using poly- 
styrene case with 8- or 11-pin plug-in 
base. Custom-built Model W relays are 
available. Globe Electrical Mfg. Co.. 
1729 West 134th. Street, Gardena. 
Calif. >528 


MINIATURE CLUTCH 


Stationary-coil electromagnetic clutches 
have zero backlash when energized, zero 
residual drag and freedom from scoring 
due to engagement slip. Special facings 
can be supplied to provide for con- 
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... offer you safe, maintenance-free protection 
for loads from 600 to 6000 amperes 


Have interrupting rating of 200,000 amperes rms 


symmetrical at 600 volts or less 


Because of the ever-increasing transformer and _net- 
work capacities, Power Companies now consider quite 
possible fault currents of 75,000 to 200,000 amperes. 


Protection of circuits, equipment and transformers 
against damage from shorts of this magnitude, requires 
a modern device that: 


1. Will have sufficient interrupting capacity to 
handle any available current. 


2. Will open fast enough to limit currents to safe 
values. 

3. Will clear circuit fast enough to hold down the 
induced magnetic forces to values harmless to a 
properly designed buss structure. 


. Can be depended upon to clear the circuit when- 
ever fault conditions demand it. 


BUSS Hi-Cap fuses have proven in exhaustive labora- 
tory and field tests they are able to handle promptly and 
safely any fault current commercially available today on 
voltages to 600. 


Time or Service Conditions Cannot 
Affect Accuracy or Dependability 

The lifetime accuracy and dependability of BUSS 
Hi-Cap fuses result from their having no moving mechan- 
ical parts. In the fuse there is nothing to corrode and 
stick. No pins, hinges or moving parts to get out of 
adjustment or jam. BUSS Hi-Cap fuses work on a ther- 
mal principle that is as dependable as the law of gravity. 

No Recalibration 

If a fuse does blow, there is no recalibration needed. 
As quickly as the fault in the circuit is corrected, you slip 
in a new fuse, that has been CALIBRATED AT THE 
FACTORY BY ENGINEERS. 

Outages can be limited to circuit of origin 

By coordinating BUSS Hi-Cap fuses with FUSETRON 
dual-element fuses, a fault is isolated to that part of the 
circuit in which it occurs. Thus, whole plants or depart- 
ments do not have electrical service disrupted by needless 
opening of the main protective device. 

Write for BUSS Hi-Cap bulletin HCS. 
Bussman Mfg. Division, McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 


Electrical Protection goes 


MODERN with BUSS FUSES 
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BES era 


F. or remote control switching jobs... 


stepping, counting, programming, 


circuit selecting, sequencing and homing 


LEDEX SELECTOR SWITCHES 


because... 


sizes from sub-miniature, with 

switch positions to meet all requirements 
any operating voltage from 3 to 300 volts DC 
variety of models stocked for immediate delivery 
hermetically sealed models are offered 
compactness eliminates “bulk” problems 
silver alloy contacts give long switch life 
the economical solution to multiple circuit switching 
experienced LEDEX engineers are available to help 
LEDEX means dependability 
write for descriptive literature today! 


G. H. LELAND, INC. 
DAYTON 2, OHIO, U.S.A. 


In Canada: Marsland Engineering, Ltd., Kitchener, Ontario 


In Europe: NSF Ltd., 31-32 Alfred Pi., London, England; NSF, GmbH, Niirnberg, Germany 
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tinuous slip if needed. Meets applicable 
military specifications. Sizes of Models 
SAC-100 and SAC-130 range from 1.05 
in. OD with 15 in.-oz torque to 1.85 in. 
OD with 15 in.-lb torque. Dial Products 
Co., Box 456, Bayonne, N. J. 529 


LUMPED-CONSTANT 

DELAY LINE 

Delay line with applications in the 
field of data converter equipment has 
an impedance of 300 ohms and rise 


time of 0.15 microsec. Model F341 
total delay time is 2.4 microsec, tapped 
at 0.8 and 1.75 microsec. Dimensions, 
3e x 1% x 5 in. Control Electronics 
Co., Inc., 10 Stepar Pl, Huntington 
Station, N. Y. >530 


METALLIZED PAPER 
CAPACITORS 

Capacitors are available in round, rec- 
tangular and wafer configurations or 
may be hermetically sealed in rec- 


tangular or round tubes. Series M-150 
and W-150 have self-healing character- 
istics. Operating range, —55 to +125 
C or higher; voltages, 100, 200, 300, 
100 and 600 volts; values, from 0.001 
pf to any value specified. Electron 
Products Co., 430 N. Halstead Ave., 
Pasadena, Calif. >531 


TRANSISTOR POWER- 
SUPPLY TRANSFORMER 


Series of epoxy molded transformers 
operates from 12.6-volt d-c supply. 
They are designated TY-78, 79, 80 and 
81 and are rated at 250 volts at 100 
ma, 300 volts at 200 ma, 325 volts at 
150 ma and 375 volts at 200 ma, re- 
spectively. Toroidal transformers with 
peripherally located terminals may be 
stacked on mounting bolt for series- 
parallel connections. Triad Transformer 
Corp., 4055 Redwood ‘ve., Venice, 
Calif. >532 
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PACKAGING PROCESS FOR 
THIN CAST-TEFLON FILM 


“Duplex Wound” packaging eliminates 
dust inclusion between layers of film 
which is used in manufacture of ca- 


See 


pacitors. Two rolls of the same film 
thickness in widths to 12 in. are wound 
on common duplexed roll under ten- 
sion to reduce amount of air trapped 
between film layers. Roll is slit to 
proper width. Available in several 
thicknesses, widths, and __ lengths. 
Dilectrix Corp., Allen Blvd. and Grand 
Ave., Farmingdale, N. Y. > 533 


ADHESIVE NAME PLATES 
AND LABELS 


Adhesive-backed, flexible name plates 
have a 1 mil coating of Mylar on the 
outer surface. They are fabricated on 
0.003 in. aluminum, 0.003 brass, 0.002 
stainless steel or vinyl plastic, with 
sunken or raised etched letters. Mylar 
Foilcals are available in assorted col- 
ors and materials. Miller Dial and 
Name Plate Co., 4400 No. Temple City 
Blvd., El Monte, Calif. >534 


MINIATURE TOGGLE 
SWITCHES 


One- and_ two-pole 
switches are designed for aircraft, 
missile and electronic applications. 
Gold-plated contacts open and close 


military toggle 





with wiping action. Other features in- 
clude single or double throw with 
maintained or momentary switch ac- 
tion, lever seals and positive detent 
action. Cutler-Hammer Inc., 230 N. 12th | 
St., Milwaukee, Wis. >535 
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Brevel Products Corp. 


MOTION IS OUR BUSINESS 


so BREVEL 


R 
© 


Brevel“F”’ motors ¥ 
have fully-enclosed= 
gear trains; provide 
maximum protection 
of gears against dirt 


ae at low cost. 
® writ wire, or 


BREVEL 


@ 601 West 26th St., New York 1 @ WAtkins 4-4737 
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Neither dus 


seale 


quiet, chatterless can't burr 
qualities backed by a century of service. What's 


your control problem? Write today. No obligation 


ot at stake? 


NO. 1140, one of 
4 basic models 
designed to your 
control needs. 


SEND FOR FREE 
CATALOG J- 8207 


Adams & Westlake 
Elkhart, Indiana 
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Designed to give maximum 
power transmission at low- 
est noise level by use of 
specially cut helical gears. 
Optional features — brake, 
clutch, and cooling fan — 
make it suitable for a wide 
variety of applications. Like 
all Brevel Motors, this new 
“FE Motor provides reliable 


phone 
today for Catalog 30R. 


You will receive informa- 
tion on Brevel’s complete 
line of small gear head 
motors. 


mercury relays 


nd controls 





THE WATIONAL SCENE 





“Inspect the product-improving, cost-cutting 
metal-like properties of new DELRIN*’ 


National can now furnish extrusions or fabricated parts of this remarkable new Du Pont thermoplastic 


If you have not yet evaluated this exciting new material For specific information, prices and personal assistance 

you will want to. Exhaustive tests show that “Delrin” on the use of “Delrin’—or any of the more than 100 

can compete on a cost and performance basis with parts National materials—write National Vulcanized Fibre 

made of many metals, rubber, glass or wood. It may Co., Dept. C-7, Wilmington, Delaware. Or contact your 

be the one best material to solve a current problem for nearby National Sales Office. 

you, » » 


In adding “Delrin” to its family of thermoplastics, 
National continues the policy of offering the designer 
industry's widest selection of basic materials—over 100 
types and grades. “Delrin” is available in extruded rod, 
strip and special shapes, or in precision fabricated parts 
to your design. You can depend on National’s produc- 5— 
tion experience for sound help on “Delrin” applications : 


PrS0° 


Sizes now available include: rod—14” to 2” diameter; 4 
strip—.020” through .093” thick, up to 7” wide. Special 
extruded shapes available upon request. Fabricated 1. Extruded strip. 2. Slit-to-width strip. 3, Extruded rod. 
“Delrin” parts now being furnished National's cus- . “sos pulleys. Poe —eoggag pe 6. Bushings. 
. ° . Terminal plugs. . Punched discs. . Punched washers. 
. ate broad applica ‘*hereve > 
tomers indicate | ro ad application wherever strength, i: Pasha danse tn eihnentiie seven nations, 0, heataant hatin. 





rigidity and dimensional stability are important. 
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CHOOSE FROM THESE MATERIALS... | 


Vulcanized Fibre: 10 standard grades; | 
many special grades. 
PHENOLITE® Laminated Plastic: over 80 
standard and modified grades; paper, | 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 

Peertess Electrical Insulation: coil, strip, 
corrugated. 

Extruded Nylon, “Delrin”, ‘Penton”: 
rod, strip, tubing, special shapes. 





Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 
PuHenouite Copper-Clad Laminates: 
10 standard grades. 

Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


NDS csc seas VAlley 3-0393 
NI aig sarc G5 a sis, St TWinbrook 4-3500 
IN or ccalehee Nees 2 AUstin 7-1935 
PS eS einees GArfield 1-0632 
SI cca ss aca Goh ae! ERieview 1-0240 
eae a oe ead DAvis 4-4386 
DE as-cecrabuaawe ces MAin 3-2077 
Ee ree UNiversity 3-3632 
MN aces oa hanes .. 8-1308 
ee W Alnut 3-6381 
Re IE a's sv eses:s RAymond 2-0391 
Ns 55 5.5004 06 BRoadway 6-6995 


ee PREETECELLe LOcust 2-3594 


RN cic 6 50.9 we celarela Mitchell 2-6090 
er ee oe COrtlandt 7-3895 
Philadelphia........... SHerwood 8-0760 
eer errs FAirfax 1-3939 
DOME 6 cacscasesens Hillside 5-0900 
MIE. ch paren ie cei PArkview 5-9577 
St. Petersburg ........... a eked dee 
San Francisco ......... DAvenport 6-4667 
ES ere ric MElrose 2-7298 
eee OLympia 5-6371 


IN CANADA: 


National Fibre Co. of Canada, Ltd. 
Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


@ NATIONAL 


5 Y VULCANIZED FIBRE CO. 


WILMINGTON 99, DELAWARE 


In Canada: 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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MINIATURE CONNECTOR 
CONTACT 

*Re-entrancy” miniature 
contacts can be removed or replaced 
with pliers or by hand. Metallic-sleeve 


connector 





interchangeability of 
Additional 


permits 
male and female contacts. 
polarization and keying can be accom- 
plished by use of dummy pins. Contact 


design 


removable from wiring side without 
disengaging connector. U.S. Compo- 


nents, Inc., 454 E. 148th St., New York 
55, N.Y. >536 


COAXIAL LINE 
TERMINATIONS 
Line terminations may be used within 
150 to -++-440 F and do 


become superconductors at tem- 
1.2 deg Kelvin. 


the range of - 
not 


peratures as low as 





“32 


3000 me, 
types N or 
C male or female connectors, VSWR 
than 1.2 to 3000 me and ayv- 
power dissipation is 1 watt. 
Aircraft Radio Co., Inc., 6644 
Blvd., Hollywood 38, 
>537 


d-c to 


Frequency range is 


50- or 70-ohm resistance, 
is less 
erage 
Stoddart 
Santa Monica 
Calif. 


D-C RELAY FOR 

PRINTED-CIRCUIT USE 
SPDT 
printed-circuit 


self-supporting in 
Standard 
3 to 24 volts d-c; 
d-c 
requirement, 0.10 watt. Standard con- 
tact volts d-c, 


relay is 
applications. 
operating voltage, 
resistance, 8500 ohms; 


d-c power 


amp at 50 


rating, | 








FOR 


TIMESAVING ASSEMBLY 
OF SMALL PARTS 


DIXON 


Auto- Positioner 


IN FOUR STANDARD MODELS 








Easy to Install — 
Simple to Operate 


This machine 
was tooled to 
feed and place a 
455” washer in- 
fo a cup (above) 
having .001” 
clearance. 


@ New Positive-Acting Feeder 
@ Automatic Sensing Device 


¢7 The Dixon Auto-Positioner is a com- 
7 pact, air-operated automatic assembly 
machine for parts from 1/16” to 2” 
size at speeds up to 6000 cycles per 

Sp hour. It is furnished as a fully auto- 
matic station for use at a dial or in-line 
transfer table, or as a self-contained 

4 machine with pedestal and fixture 


« table. There are four models, pro- 


viding a selection of equipment to 
suit your requirements. 


‘ 
© Dependable, Accurate, Compact 


The new parts feeder is simple, com- 
pact (only 6 inches wide), and ef- 
ficient. It provides positive advance- 
/ ment of the part into the chuck; it has 
a straight track and a positive-acting 
escapement; and it requires no sepa- 
& rate motor or vibrator. Automatic 
sensing assures quality control. It 
interrupts the cycle when a part is 


«*) missing or improperly assembled. 


. 
” Standard Equipment, Easily Retooled 
The chuck, positioning punch, and 
g%\ feeder tooling are easily modified or 


W~ replaced for other jobs. Compactness 


permits close nesting at multiple sta- 
tions, cutting cost of fixtures, dials, or 
® transfer devices. 


Fa, Send for Bulletin AP-B2 
or request our machine 
pane planning service. 


DIXON AUTOMATIC TOOL, INC. 
2305 - 23rd AVENUE @ ROCKFORD, ILLINOIS 


Equipment for Automatic Parts Handling and Assembly 
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3 More Servo Motors 


RVO MOT 





BuOrd Mark 12 Mod 0 SERVO MOTOR Tachometer 
Generator 115 volts / phase, 4500 RPM (min). 


-—— 1.750 — 





BuOrd Mark 16 Mod 0 SERVO MOTOR Tachometer 
Generator 115 volts / phase, 4500 RPM (min). 


— 1.750 —— 





BuOrd Mark 16 Mod 3 SERVO MOTOR Tachometer 
Generator for transistor operation 115 volts fixed 
phase 36/18 volts contro! phase, 4500 RPM (min.) 


Built to all applicable Gov- 
ernment Specifications — 
in production... available 
for prompt delivery. 


For complete 
information on 
these and all 


(i-M Servo Motors & 


octured by the Components Orvis 










G-M LABORATORIES INC. - SERVO MOTORS, 
a write for G-M 
4338 N. Knox Avenue © Chicago 41 \ 
= PROCUREMENT 
eel gm | speciricaTion 


NO. 665. 


254 Circle 260 on page 17 


resistive. Also available with solder- 
hole termination. Price Electric Corp., 


| Frederick, Md. 538 


| INFINITELY VARIABLE 
SPEED DRIVE 








Planetary reducer offers infinite-range 


| drive from 300 rpm to 0 rev per hr 


with speeds accurately set to 1 part 





in 4000. Built-in overload protection 
and 100 in.-lb torque. Transmission 
available with variety of controls in- 
cluding remote micrometer, remote 
electrical, pneumatic and automatic 
controls. Can be furnished with stand- 
ard output to provide speed ranges or 
steps from 1800 to 0 rpm. Graham 
Transmissions, Inc., Menomonee Falls, 


Wis. >539 


TRANSISTOR POWER SUPPLY 


Supply using transistors develops any 
voltage from 12 to 1200 volts d-c at 
100 watts output from an input of 28 
volts d-c. Output voltage regulation is 
+1.5 per cent for 5-volt d-c input 
change. Output voltage varies +2 per 
cent for changes of 1/2 to full-load 
power. Unit, 851H, cannot be damaged 
by reversal of input-voltage polarity. 
Fully encapsulated with three stand- 
ard terminations available: AN con- 
nector, wire-lead, and __ solder-lug. 
Arnold Magnetics Corp., 4613 W. Jef- 
ferson Boulevard, Los Angeles 16, 


Calif. 540 


TOGGLE SWITCH 


Toggle switches are available in SPST, 
SPDT, DPST and DPDT types. They 
measure 1144 x °, x 1%4 in. deep with 
screw or solder-lug terminals and 14p- 

(Continued on page 258) 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 





Canopy retards fire 


Good product ideas seem to work almost 
anywhere. 

Take, for example, this plastic gas- 
station canopy. So far as we can tell, the 
idea of cool, light-diffusing canopies over 
the gas pumps started in the South, where 
it would seem to be a natural. 

However, the canopy you see here is 
in Canada. It does most of its work in 
winter, when it may have to hold up the 
weight of five feet of snow and ice. 

The marketing strategy is sound. A mo- 
torist doesn’t mind so much getting out 
of his car in bad weather when he’s pro- 
tected overhead; and the attendant, too, 
is likelier to provide that extra bit of 
service. 

There’s something else that’s different 
about this canopy. It doesn’t support com- 
bustion, because it’s made with Hetron® 
self-extinguishing polyester resin. A fire 
starting at a pump won't spread along the 
canopy to other pumps or to the station 
building. 





If it weren’t for self-snuffing Hetron, 
there’d be few places where a good idea 
like this could operate. Fire retardance is 
chemically locked into the resin, not 
added later at the expense of strength. 
The resulting combination of structural 
properties gives you something unique on 
which to base your new-product ideas. 

If you'd like to know more about Het- 
ron resins, let us send you the complete 
technical data file, together with names 
of leading fabricators in this country and 
Canada who can make UJL-listed panels 
and custom-molded shapes for you. 


Less dough 
for this “bread” 


Needed: a dimensionally stable material 
for the “bread” in this sandwich-like mul- 
tiple switch assembly (above right). 

Why dimensionally stable? Because 
each of the seven “slices” in the sandwich 
has 187 holes that must line up with 
matching holes in the other plates. 

What low-cost insulating material 
would hold alignment without risk of 
moisture absorption and warping? Could 
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° A piastic tor potentially hazardous locations 
® Material for a non-warping switch 


® More design freedom in metal castings 





holes be molded, rather than drilled, to 
the required accuracy? Would this save 
money? 

The material recommended by the cus- 
tom molder was a fast-curing Durez com- 
pound with good moldability and excel- 
lent dimensional stability. This material 
does everything the designers want it to 
do. Its exceptionally good mold release 
facilitates the low-cost molding of holes. 
In addition, numbers and letters which 
were formerly silk-screened on the plates 
are now molded-in for extra savings. 


Result: a smooth-functioning, non-warp- 
ing switch, produced with the utmost econ- 
omy. It’s just one more proof of the wide, 
wide spectrum of design requirements you 
can meet at low cost with Durez phenolics 
(and often only with phenolics). Want 
more information on these versatile mold- 
ing compounds? Just check the coupon 
for a bulletin on Durez materials. 


Castings = can do 


Don’t back off from a complex metal 
shape just because “it can’t be done.” 

Instead, talk to your foundryman. He 
may have a surprise up his sleeve—shell 
molding. It saved the day for the alumi- 
num-alloy gearbox cover, below. 

Designers wanted as many heat-dissi- 
pating fins as possible; they compromised 
on 40. Even so, fins tore when the piece 
was poured in sand. Three men could 
produce only 20 good castings a day. 

A switch to shell molding has made 
the casting economically feasible. Three 
men now turn out 70 per day. Dimensions 
are much more consistent from one cast- 
ing to the next. As a bonus, engineers 
found they could squeeze two more fins 
into the design to get higher efficiency than 
they first believed possible. 

What about cost? Shell-molded castings 
sometimes cost more per pound than reg- 
ular castings. But they often save you far 
more than the difference—by reducing 


machining and finishing time and by 
speeding assembly. 

Like to know how these better castings 
are made with the help of Durez foundry 
resins? We'll gladly send you the new 36- 
page “Durez Guide to Shell Molding” if 
you check the coupon below. 





eee ee 


For more information on the Durez materials mentioned above, check here: | 
(1) Hetron fire-retardant polyester resins (SOA) 
() General bulletin on Durez materials (Bulletin 400) 
[] “Durez Guide to Shell Molding” (36-page bulletin) | 
Clip and mail to us with your name, title, company address. (When requesting | 
samples, please use business letterhead.) | 
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1307 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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ACTUAL SIZE 


1 HP 1800 RPM 
ENCLOSED 
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General Electric Thinline Motor — i 
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SHORT, LIGHT AND VERSATILE 


You can easily eliminate one of your motor installa- 
tion problems with General Electric’s new polyphase 
motor for limited-space mounting. 

Up to eight inches shorter and 26 pounds lighter than 
standard flange-mounted General Electric’s 
new Thinline motor will let you meet your horsepower 
requirements in considerably reduced installation space. 
By getting more horsepower in less space, you will be 
able to design more compact equipment in the future. 
On your present equipment, the Thinline motor’s 
smaller overhang reduces required equipment space 
or gives operators more working area. 

Easier to handle and position during installation, 
the Thinline motor minimizes mounting problems. 
Your assemblers will be able to work faster with less 
fatigue. And the 26-pound weight reduction lets you 


motors, 


INTERCHANGEABLE FLANGE DIMENSIONS 










ee ere nen ee ee 
at 1800 rpm Standerd | Modified “’D” Alternate 
1 hp 10.25 nN 12 

1% and 2hp | 12 | 11 10.25 






5 hp | 14 


3 hp 13 1 14 
if 


save substantially on shipping costs! 

A wide choice of enclosures and mounting dimen- 
sions adds versatility to the Thinline motor’s flange- 
type design. Thinline motors are available from 1 to 5 
HP in both dripproof and totally-enclosed constructions. 

Mounting versatility is provided by your choice of 
three mounting flanges for each Thinline motor rating. 
Any of the three available flanges (see the chart below) 
can be used for all-angle mounting—without adding 
to motor length. 

You can get the answer to your Thinline motor appli- 
cation question simply by calling your nearby General 
Electric Apparatus Sales Office. If you have not re- 
ceived your copy of General Electric’s Thinline motor 
publication, write to Section 840-28, General Electric 
Co., Schenectady, N. Y. Ask for Bulletin GEA-6927. 


KNOWN APPLICATIONS 


Fans and Blowers Floor Machinery 


Food Machinery Paper Machinery 
Textile Machinery Pumps and Compressors 


Machine Tools and Metalworking Machines 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Be sure the 
TEFLON* 
you buy 
has the 
Qualities 
you need 


Processing can radically change 
Teflon properties 


Take flex life as an example. The Teflon sheet illustrated was 
cooled to 50% crystallinity, resulting in an excellent flex life of 
60,000 cycles. However, through lack of process control, it might 
have been cooled more slowly, giving a 56% crystallinity and a 
flex life of 40,000 cycles . . . A LOSS OF 20,000 CYCLES OF 
FLEX LIFE! 

You can be sure of proper processing by specifying Teflon stocks 
made by Garlock’s Plastics Division, the United States Gasket 
Company. U.S.G.’s years of experience with fluorocarbon resins 
guarantees you the right properties every time. This, plus assurance 
of fast delivery anywhere, makes Garlock your prime source of 
Teflon sheet, rod, tape, tubing, bars, cylinders. Find out more by 
calling one of Garlock Packing Company’s 26 sales offices and 
warehouses throughout the U.S. and Canada. 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 

* 
n { t e G *DuPont Trademark 
for TFE Fluorocarbon Resin 


asket 7écstics Division of 
GAR LO CK. 
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in. bushing with nuts for one-hole 
mounting. Double-pole units — are 
slightly larger. Kulka Electric Corp.. 
633-643 So. Fulton Ave.. Mount Ver- 
non. N. Y. >541 


FLAT FHP MOTOR 

SPEED REDUCER 

Series of a-c motors is available with 
Z-type gear reduction unit which is 
Iso in. thick. Z-type reductions 





may be used with SpeedWay Nos. 
60AC, 40AC, TOAC, 60AH, 40AH ot 
TOAH motors. Reduction unit features 
motor as an extension of gear case. 
with overall length of 5% in. width 
of 2°, in. Speed range as low as 
1) rpm. SpeedWay Motor Div... Thor 
Power Tool Co., 1421 Barnsdale Rd.. 
LaGrange Park, Ill. >542 


MAGNETIC SERVO 
NULLING AMPLIFIER 


Line of miniature 400-cycle amplifiers. 
ranging from 5 to 10 oz in weight tor 
3 te 16 watts output power, meets all 
appropriate — military — specifications. 
Hermetically sealed Series 2200 ampli- 





fiers all contain extra 26-volt reference- 
voltage winding in addition to control- 
phase winding. Solid-state amplifiers 
are compatible with silicon or ger- 
manium transistor drive circuits and 
have 12-millisec response. Typical ap- 
plications include voltage regulators 
and industrial control mechanisms. 
Pennon Electronics Inc., 7500 So. Gar- 
field Ave.. Bell Gardens. Calif. >543 


SMALL CLUTCH ASSEMBLY 
AND ACTUATOR 

Friction-type clutch Model CK-1 and 
actuator provide positive clutch action 
and intermittent unidirectional control 
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ELECT MIGAL 
PORCELAIN 


AS AND WHEN YOU WANT IT 





Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 264 on page 17 





engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 
motor for the job. RAE offers outstanding service and 
quality in a large variety of motors in voltages up to 250, 
and up to ¥g H.P. (higher for intermittent duty) with many 
gear head motor combinations. Let us put our years of 
motor building experience to work for you. 

Send for the ‘‘RAE'’ service sheet. 

it will help you supply the data 


necessary for recommendations and 
prices. 


AC/DC Universal 

DC Shunt wound 

DC Series wound 

Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 


2009 Kewaunee St. ® Racine, Wis. 
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Rae MOTOR CORP. 





@dé 


NOW! 


An electric counter 
that can be 


RESET DURING OPERATION 


without damage... 


Series 100 
High-Speed, Quick Reset 


Electric Counters 


Electrical 
reset 


@ Here is the ultimate in 
high-speed electric counters for use in 
applications demanding speed, accuracy and 
quick resettability. 


Check these features: 


Vv Low noise level during operation 
Vv Large, easy-to-read figures 
Vv Dust-proof case 
¥ Instantaneous reset even during operation 
v Choice of base or panel mounting 
v¥ Choice of manual or electrical reset 
v¥ Available with 4 or 6 figures 


Manual reset 


Write for FREE LITERATURE, 


INTIMEX 
CORPORATION Richardson side. 


Bonifant & Fenton Sts., Silver Spring,Maryland, (Washington, D.C.) 


Sales Engineers in: Worcester, Mass., Hartford, Come, New York, N. Y., 
Philadelphia, Pa., ne eee Md., Winston-Salem St. Wehcrsene? 
Fla., Rochester, Cleveland, Ohio, ak Ohio, Detroit, Mich., 
Chicago, III., alles, yo Los Angeles, Cal, 
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NATIONAL wv A 
RETAINING RINGS 
simplify Ee 


your 
TYPICAL APPLICATION single or multiple actuator stops on 


designs! Err ase 7m | clutch makes possible one revolution 


or angular portions of one revolution 


of rotating components. Clutch actuate 
time, 3 millisec at 60 rpm; release 
time, 2 millisee. Clutch with 1/4-in. 
shaft is capable of torque load of 120 
in.-oz continuous duty. Positioning of 


with indexing. Temperature range. 

65 to +300 F; actuator current, 6 
amp max with 28-volt d-c coil. Abrams 
Instrument Corp., 606 E. Shiawassee 


ENGINEERING 
National Retaining Rings have effected important y’ ASSISTANCE 


; St.. Lansing 1, Mich. > 544 
economies in a wide range of applications from Send dra Ab gs or 
5 oe . sample parts for sug- 
heavy duty machinery to toys. Elimination of gestions on your spe 
machining, threading, nuts and cotter pins are ‘ pecgeefine ayo se | FOLDING PANEL HANDLE 
typical advantages. In many applications, reduced PAA eh iets Se 





. : 
space and weight requirements and substantial ) Met seat etl mc: | Handle of nickel-plated brass mounts 
savings in material can be accomplished with re Tata ane + on 4!4-in. centers. Type 908 panel 
these easy-to-install retaining rings. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 
Circle 267 on page 17 





andles have a 1-24 threaded stud 
for mounting. Weight capacity to 200 


MODERN lb. Goe Engineering Co., 219 So. Med- 
ELECTRONIC nik Ave.. Los Angeles, Calif. >545 
ENGINEERING 
MIL POWER SUPPLIES 
GIVES PRECISE Regulated power supplies cover most 
MOTOR SPEED normal power requirements of ampli- 
CONTROL fiers. radar computers and communica- 


tions equipment. Built in accordance 


1/100 — 10H.P with MIL-T-945A. the units feature 


outputs of 2150 volts d-c and 300 
Modern industrial electronic en- volts d-c; and current ranges of 200. 
gineering has been coordinated 100 and 1000 ma. Standard input is 
with electric motor design to | 115 volts +10 per cent at 60 cycles, 
provide a versatile means for | but 400-cycle models are available. 


obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- ’ ° 


Regulation better than 14 of 1 per cent 
for line or load changes; ripple is 
helow 5 mv: output impedance less 
than 0.5 ohms. Output voltage is ad- 


ply motor armature power. 
Patented feedback, or ‘Servo’ 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 





ewospecd DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. Paterson. N. J > 
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Porter Vinyl Tape has been tested to meet the tough 
Westinghouse specification for use in new refrigerator- 


| 
) 
® | freezer combinations, and has received unqualified 
CL VINYL TAPE | approval on every point. 


Westinghouse rated tapes on the following points: 
Breaking strength « Adhesion « Low- and high- 
temperature properties * Staining « Moisture-resist- 
ance « Elongation « vr *¢ Dielectric strength « 
Effect on polystyre and Porter met the spec’s 
on every count! 


| 
| 
| 





Special new winding and slitting techniques keep 


Unqualified approval ! Porter Vinyl Tape from telescoping on the roll, and 


help save space in tight spots where compact winding 
s is essential. Another feature is its self-extinguishing 
by Westinghouse } property—it will not support combustion. 


Refrigeration Division! | Get complete information by writing Thermoid 


Division, H. K. Porter Company, Inc., Tacony & 
Comly Sts., Philadelphia 24, Pa. 





THERMOID DIVISION H.K.PORTER COMPANY, INC. 


e 
i. 


PORTER SERVES INDUSTRY : with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION: Refractories —REFRACTORIES DIVISION; Electric Furnace Steel —CONNORS STEEL DIVISION, VULCAN-KIDD STEEL 

DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, ‘‘Disston’ 
Tools, ‘Federal’ Wires and Cables, ‘“‘Nepcoduct’’ Systems—H. K. PORTER COMPANY (CANADA) LTD 
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KULKA 





Save untold time, trouble, cost, in wiring 
your appliances. That’s precisely what Kulka 
Electrical Wiring Devices, engineered for 
efficiency and economy, can mean to you, 
with POWER OUTLETS + SWITCHES + TERMI- 
NAL BLOCKS + PLUGS, CAPS, ADAPTERS 
LAMPHOLDERS, BALLASTS STARTERS 
BRACKETS AND HICKEYS + ETC. ETC. 

Let Kulka collaborate on your wiring prob- 
lems and requirements. We have many years 
of such specialization which is yours for 
the asking. 


WRITE FOR LITERATURE... 


Latest catalog covering the extensive line of 
Kulka Electrical Wiring Devices, sent on request. 


KULKA ELECTRIC CORP. 
633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 
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justable +10 per cent. Lawn Elec- 
tronics Co., Inc., Woodward Rd., Eng- 
lishtown, N. J. >546 


DIGITAL DISPLAY UNIT 


Size of character displayed by projec- 
tion-type unit is 3%4 in. high x 2 in. 


wide. Series 80,000 In-Line Display 





and 


lenses 


features two condensing 
one projection lens. Characters avail- 
able in any style or color for viewing 
Aluminum 
case is 344 x 514 x 11% in. Units may 
be grouped. Industrial Electronic En- 
3973 Lankershim Blvd., 


from distances beyond 50 ft. 


gineers, Inc., 


No. Hollywood, Calif. ~>547 
EPOXY-BASE LAMINATE 

Copper-clad paper epoxy-base  lami- 
nated plastic will not support combus- 
tion. Self-extinguishing laminate 
EP-37 will withstand 1 hr exposure 
in 150 C oven without blistering or 
solder bath of 500 F for 15. see. 
Formica Corp., 4614 Spring Grove 
Ave., Cincinnati 32, Ohio. > 548 


HIGH TEMPERATURE- 
COEFFICIENT RESISTORS 
Wirewound 

alkyd specified 


perature coefficient between —25 


molded in 
tem- 
and 
+-6000 ppm per deg C in values of 


resistors are 


resin with any 


10 ohms to 3 megohms. Resistors have 
Zener di- 


ode and other circuits requiring posi- 


application in telemetering, 


tive temperature compensation. In 
bridge circuits, high temperature-coef- 


ficient resistors can be used to measure 














CAPTIVE TYPE 


CARBON BRUSH 
HOLDERS 


SUPPLEMENTING OUR REGULAR LINE 
for low-budget applications 
° 
WITH OR WITHOUT INSERTS 
o 


VARIOUS 
PLASTICS 











STOCK 4 SIZES 


STOCK 4 SIZES 












ely 
ey 


STOCK @ SIZES 
















SEND 
YOUR PRINTS 
FOR QUOTATION 


oHidwest 
e 
TRIPLE ‘‘M’’ ELECTRONENTS DIVISION 


PLASTICS 


for Electrical Applications 








123 Rotary Drive 
GURNEE, ILLINOIS 
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lugs, axial, radial printed circuit or 
special leads. Ultronix, Inc., 111 E. 


20th Ave., San Mateo, Calif. >549 


LOW-PASS R-F FILTERS 

Line of miniaturized filters has cutoff 
frequencies from 0 to 1250 me. At fre- 
quency of 1.2 times cutoff, attenuation 





is 20 db or higher; at 1.5 times cut- 
off, at least 60 db. Overall length of 
filters down to 100 me cutoff is 31% 
in., including end connectors. Low- 
pass filter finish is nickel-plated brass, 
with BNC male and female end con- 
nectors. Input power, 10 watts, max; 
impedance, 50 ohms. Telonic Indus- 
tries, Inc., Beech Grove, Ind. >550 


MIRROR-FINISH VINYL 
WIRING DUCT 


Rigid vinyl duct with high-gloss finish 
processed into the vinyl reflects light 





into corners and behind components in 
switchgear and control panels. Duct is 
available in standard mirror-finish grey 
or black, and in any bright color to 
special order. Taylor Electric, Inc., 
15400 Dale, Detroit 23, Mich. >551 


DIAL ASSEMBLY 


Shaft input of concentric dial assembly 
is coupled directly to the inner dial 


to reduce backlash. Housing of Model 
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WET TTL CCL) BS 
rolled to 
.0001” thickness... 


eM He MHC) me) 
electronic systems 





Now you can obtain high magnetic permeability alloys such as 4-79 Moly Permalloy, 
Alfenol, and HyMu “80” in cold rolled strip and foil in production quantities! The 
unique and newly expanded facilities of Precision Metals Division are geared to 
produce ultra-thin metal strip and foil in any quantity and in virtually any alloy. 


Precision Metals strip and foil for development and production offer these special 
advantages: 


uniform magnetic properties 
thicknesses from .010” to .0001” 
dimensional uniformity 


extremely close tolerances 
excellent surface characteristics 


For specific requirements, Precision Metals can 


also furnish custom alloys to your own specifica- OgO PRecision 
tion in the form you need. Write today for fully a 


illustrated facilities booklet, EM-7. 


FLA N7/ LT Ol 


WATCH COMPAYWY y / Precision Metals Division 


M 


Lancaster, Pennsylvania 
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Knitted 
ra 
Ti 
missiles 


That’s right—knitted “electronic gas- 
kets,”’ made by Metal Textile Cor- 
poration of Roselle, N. J., form an 
important link in the radio-interference 
shielding that keeps guidance signals 
from being dissipated. 

The .0035’’ Monel* wire knitted into 
Metex shielding must be uniform in 
diameter and tensile strength for fast- 
moving knitting machinery. Metal 
Textile Corp. uses Riverside-Alloy 
Monel Wire, distributed by Whitehead 
Metal, because it keeps its fine toler- 
ances and assures break-free production 
at highest speeds. 

You can get fast off-the-shelf deliv- 
ery of Inco and stainless wire from 


*Trademarks of International Nickel Co. 


RIVERSIDE-ALLOY 


Riverside-Alloy and your local Inco 
distributor. Shipments go out the very 
day your order comes in. Think of 
Riverside Alloy when ordering nickel- 
clad copper, Inconel*, and other special- 
alloy wires. For free handbook, write 
Riverside-Alloy Metal Division, 
H.K.PorterCompany, Inc., Riverside,N.J. 


Riverside-Alloy Monel Wire is knitted and then 
formed into these resilient, conductive, flex- 
ible ‘‘electronic gaskets’"’ by Metal Textile 
Corp. for RF shielding of delicate missile and 
aircraft components. 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment— 

DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: Copper and Alloys—RIVERSIDE-ALLOY METAL 

DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN- 

KIDD STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE 

ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, “‘Disston” Tools, “Federal” Wires and Cables, 
“Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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BP-302-36 is cast aluminum. Inner- 
outer dial ratio is 36:1 for readings 
to 3 min. Plastic index marker may 
be set at 0, 90 or 270 deg. Also avail- 
able in 100:1 dial ratio or single-dial 
models. Helipot Div. of Beckman In- 
struments, Inc., 2500 Fullerton Rd.. 
Fullerton, Calif. > 552 


SELF-REGULATED POWER 
TRANSFORMERS 


Custom-made transformers can be fur- 
nished in open or potted construction 
requirements and 


to meet specified 


% 


provide regulation to +145 per cent 
with line variation of = 15 per cent. 
For 50 cycle. 60 cycle or 400 cycle 
Central Transformer Co., 


>553 


operation, 
Chicago. 


GLASS SCREEN PAPER 


Saturating base paper with an integral 
glass scrim or screen is suitable for 
electronic and other laminates where 
shock resistance and rigidity are im- 


portant. Paper No. 101 used in this 


material has absorbency rating of 16 


to 114 in. water rise in 1 min. in 
Klemm capillarity test. Glass scrim is 
built into center of single sheet of 
paper at time of manufacture. Tech- 
applied to any type of 
paper that is 0.010 in. or thicker. 


Grade No. 101 with glass scrim shows 


nique can be 


a lengthwise tensile for 1 in. strip of 
60 Ib. Knowlton Brothers, Watertown, 
be & >554 


VOLTAGE REFERENCE 


Unit with ]-volt d-c output, 
into 1000 ohms, holds this output to 
within +1.2 mv over input conditions 
from 100 to 130 volts a-c, at frequen- 
cies from 25 to 10,000 eps. One-volt 
output is maintained over operating 
[ +100 C, 


operating 


temperature range of 55 to 


ELECTRICAL MANUFACTURING 








Why Du Pont insulation 


is in a class by itself 


Each of these electrical insulating 
materials—Du Pont coated glass fab- 
rics—more than meets the industry 
standards of its class. As you look 
over the data, you'll note outstand- 
ing chemical and mechanical charac- 
teristics as well as electrical—better 
property balance. 


Du Pont insulation is unmatched 
in performance. You'll discover it is 
remarkably uniform in caliper...can 
give you greater design freedom, 
make your product more reliable, re- 
duce your rejects. And for particular 
insulation problems, Du Pont Techni- 
cal Service is available to assist you. 


For details, complete data on these 
Du Pont coated fabrics—mail the cou- 
pon today. Or write E. |. du Pont de 
Nemours & Co. (Inc.), Fabrics Division, 
Dept. EM-97, Wilmington 98, Delaware. 


DU PONT 
INDUSTRIAL COATED 
FABRICS 


REG. U.S. PaT. OFF 


Better Things for Better Living...through Chemistry 
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ARMALON® TFE-fluorocarbon resin coated glass fabric 


Serviceablie from -125°F to +482°F (Classified as Class H insulation) 














GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3 mils 6 mils 
© Unusual heat resistance Dielectric strength (1/4” electrode) 750 > 500 
© Mechanical strength and extreme Surface arc resistance, sec. > 180 > 180 

toughness 
© Low flow under heat and pressure — 1.8 23 
© Excellent electrical characteristics 1,000,000 cycles 1.7 1.8 

over a wide range of temperatures Volume resistivity. ohm-cm 

and frequencies room cae 1019 10" 
© High degree of chemical inertness 300°C 10" 10" 
@ Excellent anti-adhesive, non-stick Insulation resistance, ohms 

properties (96 hrs. @ 90% R.H., 25°C) 10* 108 
© Low water absorption Breaking strength, Ibs./in. of width, 

warp > 40 > 50 


© Outstanding flame resistance 


Standard single-ply constructions — available in 4, 5, 8, 10 mils, also — come in rolls or 
sheets 14” to 38” wide; laminates in rolls or 13” x 17” sheets —6 to 25 mils thick. 


Note: 





LECTON® acrylic resin coated glass fabric 


Serviceable at 226°F continuously, to 310°F intermittently(Classified as Class Binsulation) 




















GENERAL PROPERTIES SPECIFIC PROPERTIES* cf single ply 3mils 7mils 14 mils 
© Good heat resistance Dielectric strength (14” electrode) -_ pom 
@ Mechanical strength and extreme @ 25°C > ae » : 

toughness @ 130°C » 700 > 600 > 500 
© Dimensional stability @ 25°C after 4 days at 90% R.H. > 900 > 700 > 550 
© Good retention of electrical Surface arc resistance, sec. » 180 > 180 > 180 

characteristics to 310°F and under Volume resistivity, ohm-cm . 

high humidity conditions @ 25°C 104 10" 10" 
@ Highly resistant to most solvents, @ 130°C 10"? 10"? 10"? 

transformer oils, fluorinated , “4 4 “4 

hydrocarbon refrigerants @ 25°C after 4 days at90% R.H. 10 10 10 

; Breaking strength, Ibs./in., average, W X F 
© Good resistance to nuclear radiation 8 straight 90x150 140x120 250x250 
© Modest price bias-cut 55 
Elongation at rupture, % 
straight 3 3 3 
bias-cut 35 
Note: Standard single-ply constructions — available in 5, 10 mils, also — come in rolls or sheets 
1%" to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 
rolls 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 
FAIRPRENE:® silicone rubber coated glass fabric 
Serviceabie from - 70°F to +480°F (conforms to Spec. MIL-C 21948) 

GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 7 mils 10 mils 
e Excellent high-temperature Dielectric strength (1/4” electrode) » 500 > 500 

resistance Tensile strength, Ibs. 130x110 150x140 
@ Good electrical re Tear strength, Ibs. 8x10 8x10 
@ Excellent corona resistance Burst strength 350 psi 400 psi 
e@ Low-temperature flexibility Oil resistance 
@ Puncture resistance 70 hrs. @ 350°F 

in ASTM #1 oil 
volume change +5% +4% 
decomposition none none 
surface tack none none 





*Derived from standard testing methods. These data are a guide to properties and 
are not to be regarded as specifications. 





























i 

: E. |. du Pont de Nemours & Co. (Inc.) 

’ Fabrics Division, Dept.EM-97, Wilmington 98, Delaware. 

‘ 

rs Please send me FREE information on: 

; — “Armalon” ( “Lecton” [ “Fairprene” () Du Pont Technical Service 
; | want this information for [(] reference only C] an immediate project 
+’ Name Position 

’ 

: Company 

. Street 

‘ City Zone State 
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." PULSE TRANSFORMERS — 


for COMPUTER-RADAR Sa 


and VIDEO circuits . 


g & 


he 


| K1032 en 


TYPICAL ° 
COMPONENTS ,-*” 


K1035 Pulse Impedance match- K1032 Pulse Charging Reactor 
ing transformer 0.1 - 1.0 usec.; 3.5hy/75ma; 200 - 1000 p.p.s.; 


1320 p.p.s.; 75/1000. ohms. 7Tkv.pk. 


UNION CITY, NEW JERSEY 
UNion 6-5400 


key Stone 055 
SPECIALISTS IN PRECISION MAGNETIC COMPONENTS 
8904-6 TWENTY-THIRD STREET 
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ENGINEERS: 


You can develop NEW PRODUCTS 
for your company to make 
and sell using Durakool’s 
steel-bodied ‘’Nude‘‘ 
mercury tilt-switches 


Basic uninsulated switches now 
available to designers and manu- 
facturers of wiring harness assem- 
blies. 


Prices from 82 cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC loads. 


Sizes from .366” to .975” in di- 
ameter; .600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053 


Durakool 


ALL STEEL MERCURY SWITCHES 


DURAKOOL, INC. 
ELKHART, INDIANA 


1969 AVENUE RD.. TORONTO 12, ONTARIO 
30! FIFTH AVE. SO.. MINNEAPOLIS, 15, MINN 
4747 BRONX BLVD.. NEW YORK 70, N. Y 
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and any combination of specified varia- 
tions in temperature and power input. 
Unit designed to meet MIL-E-5272A. 
Power required is 3 va nom. Dimen- 
sions, 1.75 x 1.35 in. diam. Mounts in 
any position. Networks Electronic 
14806 Oxnard St., Van Nuys, 

>555 


Corp.. 
Calif. 


NYLON SNAP BUSHINGS 


Bushing snaps into 7,-in. diam chassis 
hole and locks under finger pressure. 
be removed unless 


Jushing cannot 


Nylon step-clips are compressed. Bush- 
ing is UL and CSA approved, and may 
be locked into panels of thickness up 
to 4g in. Available in various inside 
diameters. Heyman Manufacturing Co., 
1200 Michigan Avenue, Kenilworth, 
Nes >556 


ROLLER-BEARING ASSEMBLY 


Cage-type needle roller bearings are 


stock 


assemblies 


available in 15) standard sizes 


i outer ring and roller 
with separable inner rings and in 1] 
sizes without separable inners. Cagerol 
bearings with separable inner ring are 


available in shaft diameters from 0.500 


ELECTRICAL MANUFACTURING 





THE NEW 
INDUSTRY 
STANDARD 


Greater Solderability onco 


Less Corrosion Potential RESIN-FLUXES 


Yes, you get greatly improved solderability over stand- 
ard fluxes available last year and, at the same time, 
less corrosion potential. 

Prove these claims for yourself. If you have been 
using a “mild” rosin flux, test and compare LONCO 
RESIN-FLUX #5141. If you have been using a “‘some- 
what activated” rosin flux, test and compare LONCO 
RESIN-FLUX #5177... or if you have been using the 
“most solderable rosin flux available”, test and com- 


pare LONCO RESIN-FLUX #5170. [: = 


FLUXES THIS YEAR... 


Technical bulletin and samples of all three 
LONCO RESIN-FLUXES are yours for the asking. 
Try, test, compare. 


LONDON CHEMICAL CO., INC. 


1537 N. 31st AVENUE ¢ MELROSE PARK, ILLINOIS 
MEMBER OF INSTITUTE OF PRINTED CIRCUITS 

Other Lonco Products for Printed Circuits: 

FLUXCOTE #21-XR * INSULATING ROSIN FLUXES * SOLDER RESISTS 
SEALBRITE +230-10 © FLUX REMOVERS ©* COPPERBRITE #48 
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LONCO 
EMULSIFIERS 


lakes 


CHEMICAL 
SPECIALTIES 


electro~ 
magnetic 


miniature 


CLUTCHES 


STYLE “SM** 


* Stationary Magnet 
@ Installation-Proved Reliability 
@ Wide Range of Size... from 7e in. to 414 in. 
Torque from 25 oz in. to 240 lb in. 
@ Moisture-, Corrosion-Resistant 
Fast, Easy Installation ®@ Stationary Magnet 
Rapid Actuation @ Self-Adjusting 
Available with extended hubs for pulley mounting 


Heavy-Duty Construction 


For complete data, request Bulletin No. 504-E 


= ?~ 9 ELECTRIC CORPORATION 
ad < 120 NORTH BROADWAY 
wa. ™ MILWAUKEE 2, WISCONSIN 


+ 
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NEED = 
CORD‘SET 
FOR | 


ld 


POWER TOOYS 


Royal “CORDinating” can help 
you! When you take advantage of 
Royal stock molds, Royal special- 
design skills, and Royal engineer- 
ing know-how, you get a power 
supply cord that assembles easier, 
packs better, looks better, and 
performs better. See these six rea- 
sons why it pays to check your 
cord set needs with Royal: 


“CORDinated” 3-wire caps in 
stock or special designs . . . molded 
in rubber or vinyl directly to Royal 
quality cords... for 125V and 
250V services. 


ga “CORDinated” connectors . . . stock or special designs 


. molded to cords. 


Your trademark molded into caps 
or connectors . . . for extra brand- 
name merchandising. 


4 Engineered cord constructions and cord lengths . . . in 


black or colors . . . with or without your brand-name 


surface marking. 
“CORDinated”’ strain reliefs 
molded in stock or special designs 


aa 
directly to cords . . . dimensions cus- 


i= = tomized to fit the housing and meet 
—~ necessary pull-test requirements. 


“CORDinated” conductor ends, 
stripped, tinned, or with terminals 
... precisely finished for speedy 
assembly. 


Royal also offers ““CORD inated” 3-to-2 wire grounding adapters 
in molded unbreakable vinyl... black, gray, or special colors; 
and famous Royal “POWR-KORD” heavy-duty extensions in 
10’, 25’, 50’, 100’ lengths... with surface printed brand identifi- 
cation on quantity orders. 


Write today — our representative will give you details 


ROVAL ELECTRIC CORPORATION 
Pawtucket, Rhode Isiand 
IN CALIFORNIA: 


oe 
Electric Cords & Supply Corp. fevectric/ TT 


413 East 3rd St., Los Angeles 13, Cal. 


--@n associate of 
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Send for this 
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Contains 25 different 


test samples of high - dielectric 


INSULATING TUBING and SLEEVING 


Includes samples and descriptions of . . . 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. 
Withstands temperature from —85°F to 500°F. 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 
quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 


formulations to meet unusual requirements. 


=~ MAIL COUPON TODAY 
a FOR SAMPLE FOLDER 
=~ CORPORATION) = = == = = = === === === == === 
va VARFLEX CORPORATION 


504 W. Court St., Rome, N. Y. 


Electrical inehatiog = / 
Tubing ond Sleeving 7 


a 
Please send me free folder containing samples of your electrical tubing and sleeving. 
1! am particularly interested in insulation for 
Name 
Company 
Street 


City je Zone 
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to 2.500 in. and without separable in- 
ner ring range from 0.750 to 3.000 
in. McGill Manufacturing Co., Ince., 
Bearing Div., Valparaiso, Ind. >557 


LOW-PASS AND 
BAND-PASS FILTERS 


Miniature low-pass encapsulated Mi- 
croid filter, Type TCLJ, starts at 400 
cps value. Size is "15 x 146 x % in. 


~ 


max. For frequencies from 7500 cycles 
up to 100 ke, size is 94 x 1 x % in. 
Band-pass filter Type TTJ (illustrated) 
is designed for 7350 cps to 100 ke. 
Size is ¥% x 42 x M46 in. Bandwidth is 
15 per cent at 3 db and +60 to —40 
per cent at 40 db. Burnell & Co., 10 
Pelham Parkway. Pelham, N. Y. 558 


HIGH-SPEED DIODE SWITCH 


Germanium 200-mw Dynistor switch 
can transfer from blocking to conduc- 
tive condition in under 1 psec. Can be 
used as transient over-voltage protec- 
tor, oscillator, phase-controlled recti- 
fier, in computers and other applica- 
tions. Available in 4 breakover-voltage 
categories from 50 to 200 volts. 
Three-lead diode is triggered by pulse 
of less than 1 psec. Encapsulated in 
JETEC Type 30 case. Westinghouse 
Electric Corp., Box 2088, Pittsburgh 
30, Pa. >559 


GENERAL-SERVICE 
SOLENOID VALVES 


Valves have four independent controls 
for adjustment of opening and closing 
speeds, flow control and for manual 
operation in case of power failure. 
Type HV (illustrated) and HV-P 
valves use built-in filter in control 


(Continued on page 272) 
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For the EE 


who seeks excitement 
in his work... 


... an engineering editorial post 


JULY 1959 


ELECTRICAL MANUFACTURING is ready to add 
to its expanding editorial staff a design engineer 
who has served his apprenticeship in the labo- 
ratory and who now has a hankering to get into 
technical publishing as a career opportunity. 
He’s a fellow who may want to capitalize on a 
flair for technical writing . . . who sees in 
editorial work an opportunity to broaden his 
technical base and to build professional stature. 


Specifically we have in mind a fellow in his 
30's who has a BS in EE (Electronics optional ) 
or a BS in Physics. He would have about 5 
years of practical experience in some phase of 
design engineering of electronic products, in- 
cluding one or more of these functions: 


product design 

circuit analysis 
component evaluation 
testing laboratory 
research and development 
patent evaluation 


Duties of the Associate Editor assignment 
(after an intensive training period) would in- 
volve the appraisal of submitted manuscripts for 
technical significance, editing of contributed 
manuscripts, writing of original articles based 
on data gathered from industrial and military 
sources on field trips. 


The location is our New York headquarters 
office. Salary would be commensurate with 
engineering abilities. 


Applications may be addressed in confidence 
to Frank J. Oliver, Editor, ELecrricaL Manu- 
FACTURING—A Conover-Mast Publication— 1250 
Sixth Avenue, New York 20, N. Y. 








You're hearing all the noise 


you ll ever hear from the new 
WESTINGHOUSE AIR-LINE MOTOR! 


Brand-New and Extra Quiet—Westinghouse Air-Line Motors 
for Air Conditioners 


... AND FANS...AND BLOWERS... AND UNIT HEATERS... AND—YOU NAME IT! 


Here’s the new Westinghouse 48-frame capacitor-start or shaded-pole 
motor—the quietest, most fail-proof motor you’ve ever had the pleasure 
of using. 

We took away the sound by forcing oil between the nylon washer 
surfaces. Now they ride noiselessly on oil, not noisily on each other! 

(It’s a Westinghouse exclusive. ) 

We’ve eliminated the major source of air conditioner motor failures 
by soldering and wrapping all electrical connections with multiple wind- 
ings of insulating tape. 

And, of course, the entire motor is designed for superior moisture 
resistance—with Mylar* insulation, a corrosion-resistant shaft, and 
double-dipped motor windings. 

There’s more! . . . perfectly flat endbells and recessed bolts to give 
you the shortest motor ever; Permawick lubricating system designed for 
a minimum of five years’ lubrication without reoiling; either plug-in 
terminals or leads, depending on your requirements; and about a dozen 
other features that your local Westinghouse sales representative will be 
proud to show you. 

Let him demonstrate the new Air-Line motors for you right away. 
Or write to: Westinghouse Electric Corporation, Mr. C. D. Jakes, Industrial 


Motor Department, Lima, Ohio. J-03022-A 
*DuPont Registered Trade-Mark 


You CAN BE SURE...1F irs Westi nghouse 


WATCH "WESTINGHOUSE LUCILLE BALL DES! ARNAZ SHOW CBS Tv MONOAYS 
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STROMBERG-CARLSON 


“BB Series 


For your automation 
... computing... control 
circuit applications... 
“Telephone Quality” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 





A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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head. Standard features include un- 
breakable rings, 
epoxy-resin coils and guided pilot 
valves. J. D. Gould Co., 4707 Massa- 
chusetts Ave., Indianapolis, Ind. 560 


piston waterproof 


D-C MAGNETIC RELAY 


Relay for pilot duty applications on d-c 
control panels is rated at 10 amp, with 
contact ratings of 125 va for 126 to 





600 volts, and 250 va for 26 to 125 
volts. Type D relay available with up 
to 10 contacts. Square D Company, 
1041 No. Richards St., Milwaukee 12. 
Wis. >561 


SHOCK-RESISTING 
PHOTORELAY 


Electric eye housed in’ weather-tight 
enclosure is mounted in a Crouse- 
Hinds FD-1 Condulet box with a 1%- 


in. threaded fitting. Using a solid-state 





photocell, the unit automatically trig- 
gers on-off and = go-no-go circuits at 
predetermined light levels and is sensi- 
tive to 10 foot-candles. Model R-Ch 
operates on 60 cycles, 115 volts a-c. It 
uses SPST relay contacts rated 5 amp 
i Power consumption, 
2.5 watts. Complete control weighs 4 
lb in housing. Berkeley/ Dynamics, 
2831 7th St., Berkeley, Calif. > 562 


it 115 volts a-c. 
) 


See Laboratory and Engineering 


Equipment on page 274. 
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From raw material to finished product, she’s 
the boss . . . on top of the job and directing 
every turn. 


For the same reasons, nobody can pro- 
vide as complete application and fab- 
rication engineering service on PRECI- 
SION BERYLLIUM COPPER STRIP 
as the company who controls its quality 
in each step of manufacturing from 
raw ore to packaging of finished strip. 


Whether your problem requires design 
assistance, development of manufactur- 
ing techniques, special heat treatment 
or any other processing information, 
call your nearest Pennrold Service Cen- 
ter for an experienced field engineer. 


The Brush Beryllium Co. and its Penn- 
rold Division offer you the world’s 
most completely integrated facilities for 
the production of the finest precision 
beryllium copper strip rolled today. 
With it, you get complete application 
engineering service, the widest range 
of sizes (down to 0.0005” thick) and 
the largest coil size in the industry (for 
greater uniformity and faster delivery ). 


Complete application and fabrication 
engineering service is also available to 
users of precision rolled phosphor 
bronze and other special purpose alloy 
strip. 


For more information, quotations, or 
fast delivery—call your nearest Penn- 
rold Service Center, today! 






(Precision Rolled Strip 
... Only the best 
meets every test) 


THE BRUSH BERYLLIUM CO. 


PENNROLD DIVISION 
901 Crescent Avenue/Reading, Pennsylvania 


Service Centers and Warehouses 
Reading, Pa.— FRanklin 5-4361 
Southington, Conn.— MArket 8-5574 
New York, N. ¥.— WAlker 5-7500 or Enterprise 6479 
West Paterson, N. J.— CLifford 6-1085 
Philadelphia, Pa.— MOhawk 4.6749 
Pittsburgh & Cleveland— Cleveland, ENdicott 1-5400 
Chicago, IIl._— GLadstone 5-7850 
Detroit, Mich.— TUxedo 4-2530 
St. Louis, Mo.— SHerwood 1-6423 
Greensboro, N. C.— BRoadway 3-5973 
Los Angeles, Calif. — PLeasant 3-5531 
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LOWER COST 
MAGNETIC SHIELDING 


Co-Netic & Netic Foils Permit Max. Miniaturization, 
improved Performance ... Extremely Versatile— 
Readily Cut to Any Shape, Wrap Like Tape 


How Co-Netic & Netic foils lower 
your magnetic shielding costs: 1 

You use less shielding material be- 
cause (a) foils are only .004” thick 
and (b) foils cut easily to exact shape 
required, minimizing waste. 2) Per- 
mit simple shielding of odd shapes 
and hard-to-get-at components, sav- 
ing valuable time and eliminating 
tooling costs and inflexibility of rigid 
metals. These advantages make pos- 
sible much smaller and less costly 
systems, as components may be 
positioned in close’proximity without 
interference from damaging magne- 
tic fields 





These foils are non-shock sensitive, non-retentive, require 
no periodic annealing. They effectively shield electrostatic and 
magnetic fields over a wide range of intensities. Both foils 
available from stock in any desired length in various widths. 

Co-Netic & Netic foils are successfully solving many types 
of magnetic shielding problems in numerous critical satellite, 
missile, magnetic tape and other military, airborne, electronic 
and laboratory applications. These foils can help you solve 
your magnetic shielding problems. 


TAN aL Ue 


1322 No. Elston Avenue + Chicago 22, Illinois 


Originators of Permanently FE ffective Netic Co-Netic Magnetic Shielding 
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-~—~—WAXES 


~ 
~ 
=a 


~~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
L. E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Saunders, Chemical Laboratories 


11 

| 

| 

| 
1 

1 | 

1 | 

1 | 
1 \ 
1 | 
| Cold flows from 100°F. to 285°F. plain 
1 | 
1 | 
1 | 
1 | 
i | 
‘| 
| 
i | 
, 4 
ie 
4 1 


Phone SOuth 8-0907 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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Dias a Ula 


by design engineers— because they’re 
MOST COMPACT « MOST ECONOMICAL 
SIMPLEST * HERMETICALLY SEALED 


Thermostatic 
DELAY RELAYS 


2 to 180 Seconds 


Actuated by a heater, they operate on 
A.C., D.C, or Pulsating Current. 


Hermetically sealed. Not affected by 
Pe ML IRS CMM aU oMm CiTe LT (ks 


SPST only—normally open or closed 


Compensated for ambient temperature 
a changes from —55 to +-70 C. Heat 
bi ers consume approximately 2 W. and 
LA Re) ROLES aa LCT 
| | | | are rugged, explosion-proof, long- 
, lived, and—inexpensive! 
ry Amperite Differential Re- TYPES: Standard Radio Octal, and 9 
lays: Used for automatic overload, ur Ma Ute adic 
der-voltage or under-current protection BICC Cae hy 


PROBLEM? Send for Bulletin No. TR-81 


BALLAST 
REGULATORS 


ST AC OCMC MRSC aT MR CO CoO LAT 
CCM MOCIM TCU in mess Lite) 
at a definite value (for example, 0.5 amp.) 

For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C, or Pulsating Current 


fai 
AMPERITE 
Ws 


caer sc ae 


Hermetically sealed, they are not affected by changes in altitude 
ambient temperature (—55 to --90 C.), or humidity Lea 
light, compact, most inexpensive List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


| ee CO.Inc., 561 Broadway, New York 12, N. Y. 
Telephone: CAnal 6-1446 


MTeoR Ne colol- ld ee OM Tel eT) 
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Laboratory 


and 
Engineering 
Equipment 





BATTERY-OPERATED 
A-C VOLTMETER 


All solid-state voltmeter has full scale 
readings of 1 mv to 300 volts in 12 


ranges with essentially flat response 





of 20 cps to 1.5 me with db and 
“battery OK” scales. Protection from 
damage on overloads to 550 volts af- 
forded on all scales. The 7-transistor 
unit weighs 5 lb approx and measures 
5 x 5 x 10 in. Motorola Inc., 4501 W. 
Augusta Blvd., Chicago 51, II. >563 


POWER SUPPLY FOR 
TRANSISTOR CIRCUITS 


Power supplies combine magnetic am- 


transistor regulation to 


plifier and 
provide transient-free d-c for power- 
ing transistor circuits and avoiding in- 


MTR d-c 


stantaneous voltage surges. 





power supplies are available in eleven 
models ranging from 0 to 60 volts d-c 
at 1 amp to an output of 24-32 volts 
at 100 amp. Type MTR28-30 with out- 
put of 24-32 volts at 30 amp has line 
and load static regulation of +0.1 per 
cent. Dynamic regulation is 0.1 per 


cent on line and +0.5 volt on load. 
Perkin Engineering Corp., 345 Kansas 
St., El Segundo, Calif. >564 


FORCE GAGES 


Mechanical force gages hold max dial 
reading and can be instantly reset to 
zero. LM Series has a range of force- 
measuring capacities from 0-500 gm 


ay 





to 0-30 lb. 
available. 


Models with greater ca- 
pacity Accuracy, +1 per 
cent of full scale. Gages measure com- 
tension forces directly. 
Hunter Spring Co., Div. of American 
Machine & Metals. Inc., 1 Spring Ave.. 


Lansdale, Pa. >565 


pression or 


RESISTANCE BRIDGE 


Wheatstone bridge which meets mili- 
tary specifications may be used for 
determining line or cable faults and 
type and approximate location of fault. 





When cover of waterproof metal case 
is opened, all operating controls, bind- 
ing posts and galyanometer are avail- 
able. Plate on one side covers battery 
compartment. Full set-up instructions 
attached to inside of lid. Industrial 
Instruments, Inc.. 89 Commerce Rd., 


Cedar Grove. N. fp >566 


PRESET CONTROLLER 


Controller series using transistors is 
applicable to automatic machine-tool 
positioning and other industrial meas- 
functions. Units 


uring and control 





feature totally-enclosed steel cabinets 
and operate directly from all types of 
sensing devices with provision for a 
range of optional outputs. Preset 
range: 0 to 180.000 counts per min. 
Numerical 
tubes or 


with instantaneous reset. 


readout by glow counter 
Nixie in-line indicators. Two- to  six- 
digit preset controllers (single or dual) 
available with 3 or more preset num- 
bers on any model. Dynapar Corp., 


5150 Church St., Skokie, Il. >567 


DIRECT-RECORDING 
OSCILLOGRAPH AND TIMER 


Two types of Visicorders monitor and 
record electrical and mechanical phe- 
nomena. Type 906A-1 records 14 chan- 
nels of data at frequencies from d-c 





to 5000 cps. while 906A-2 records 8 
channels at frequencies from d-c to 
2000 cps. Timing unit is separately- 
housed multivibrator which provides 
pulses of 0.01, 0.1 or 1.0 see to timing 
galvanometers of oscillographs. Min- 
neapolis-Honeywell, Heiland Div., 5200 
E. Evans Ave., Denver 22, Colo. 568 


TRANSDUCER CALIBRATOR 


Portable self-balancing calibrator is a 
servo-driven null-balance potentiometer 
for direct reading and calibration of 
transducers and_ millivolt-level (or 


higher) voltage signals. Calibrator can 





be supplied as ratiometer, self-balanc- 
without input 
preamplifier circuitry for special appli- 


ing millivoltmeter, or 


cations. Accuracy, 0.1 per cent; resolu- 
tion, 0.05 per cent of full scale. Min 
input sensitivity, 10 mv full 
Moran Instrument Corp.. 170 E. Orange 


scale. 


Grove Ave., Pasadena, Calif. 569 
POWER SUPPLIES 
Short-circuit proof transistor power 
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NEW FLAME-RETARDANT EPOXY LAMINATES 
OFFER HIGH STRENGTH-WEIGHT RATIO, LOW LOSS 


Much is being said lately about 
the fabulous epoxies. No better 
use, however, has been made of 
these remarkable resins than 
the development by CDF of new 
improved laminates for electri- 
cal-insulating purposes. 





New CDF epoxy Dilecto laminate exhibits 
flame-retardancy in simple match test. 


CDF epoxy Dilecto" laminates, 
made with either treated glass- 
cloth or cellulose-paper base, 
combine the highest strength- 
to-weight ratio and the highest 
impact strength with low water- 
absorption, low loss properties, 
and improved machinability. 
The new epoxy Di-Clad* lami- 
nates for printed-circuit use also 
display exceptional foil-bonding 
strength, high hot-solder-resis- 
tance, and higher maximum op- 
erating temperatures than pre- 
viously obtainable in standard 
laminates. 


And now permanent flame- 
retardancy and excellent arc- 
resistance are added to many 
grades of epoxy laminates from 
CDF, both GB and XXXP. These 
laminates, known as the EFR 
series, meet NEMA G-11 and 
MIL-P-18177B, Type GEB. This 
combination of properties should 
further widen the range of ap- 
plications for this superior in- 
sulating material. CDF Tech- 
nical Bulletin 11200 describes 
epoxy Dilecto and Di-Clad lam- 
inates in detail. 


REUSABLE INSTRUMENT- 
SHIPPING CASES 


Replacing heavy, costly wooden 
cases for the transport of delicate 
aircraft and electronic instruments, 
CDF now offers fiberglass-reinforced 
polyester cases containing integral 
rubber-coated kapok cushioning, 


built for repeated usage with a wide 
range 


of instrument sizes and 





Measuring instruments packed for shipping 
in CDF laminated-plastics cases. 


Sere 409 On pege ff 


“io 





shapes. The complete line of new 
CDF instrument-shipping cases 
ranges in size from 12” x 14” x 7” 
to 2514” x 11” x 1214”. 

Savings through use of these cases 
are realized in original cost (10% 
lower than for wooden cases) and 
in their long useful life without 
wear or breakage. Request Bulletin 
MHC-591. 


SKIVED TAPES 
OF UNSUPPORTED TEFLON 


Four new grades of tape, made of 
skived duPont “Teflon” TFE fluoro- 
carbon resin, are now available from 





CDF. Excellent electrical proper- 
ties, resistance of all common chem- 
icals, and a low coefficient of friction 
characterize these new tapes, de- 
signed primarily for high-tempera- 
ture and high-frequency wire and 
cable insulation. However, they 
may be used also as stock from 
which gaskets, seals, and miscel- 
laneous small parts can be cut. 
CDF tapes of Teflon range in 
width from 14” to 12” in 14” incre- 
ments, in thickness from .002” to 
. 100”. Request Technical Bulletin 97. 


NEW CDF LITERATURE : Bulletins referred to in this advertisement may be obtained from your 
CDF representative; or send the coupon below, indicating the Bulletins you wish sent to you. 


Continental-Diamond Fibre Corporation 


Newark 13, Delaware 


Please send me the following Technical Bulletin(s); 


| } Bulletin 11200—CDF epoxy Dilecto and Di-Clad 


laminates 
J Bulletin MHC-591 
shipping cases 


C] Bulletin 97—CDF skived Teflon tapes 
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instrument 


A SUBSIDIARY OF THE Bib! COMPANY « NEWARK 13, DEt. 
In Canada: 46 Hollinger Road, Toronto 16, Ontario 
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supplies cover a range of 0 to 60 volts 
without loss of regulation or stability. 
Three models available with maximum 
current ratings of 2.5, 5 and 7.5 amp. 
Regulation, 0.1 per cent or 0.01 volts 
from no load to full load with 105 to 
125-volt lines. Electronic Measure- 
ments Co. of Red Bank, Eatontown, 
id >570 


OPERATIONS MONITOR 


Electric-writing monitor records 30 
| channels of “on-off.” “open-shut,” 
pulse- or event-type information, pro- 


os eh 10 al motor Se, . viding a chart record of all operations 
control, Allis-Chalmers 





specifies Electrons ‘ 
eM UNAKe Licey 
and their duration. Model RE 3303-00 
is suitable for recording operation of 
relays, valves, motors, pumps and other 
equipment; or for production testing 
and monitoring operation of com- 
puters, automatic equipment and con- 
trols. Signal resolutions to 0.004 sec. 
Brush Instruments, Div. of Clevite 
Corp., 37th & Perkins, Cleveland 14, 
Ohio. >571 
PORTABLE 
VOLT-OHM-AMMETER 
Battery-powered E-I-R~= meter with 
transistor circuitry measures 1 my to 
1000 volts d-c full scale in 13 ranges 
with input resistance of 101 megohms; 
18 current ranges provide measure- 
ment of full-scale values from 1 milli- 
microamp to 300 ma with voltage drop 
of 100 mv. Direct-reading resistance 
scales indicate 10 ohms to 100 meg- 
ohms, center scale. Accuracy of Model 
4 


ELEC ‘TRONS 


127 sussex A 


NEWARK 3, N 


pobiltt sige 
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ELECTRICAL PORCELAIN 


MADE BY DRY PROCESS METHOD 


To your 
blueprints 
and 
specifications 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 
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PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, CONTROL PANELS, ETC. 





we . 
: y @ 


From Stock Molds © No Tool Charge e Fast Delivery 





Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 
8027 N. Monticello Ave., Skokie, Illinois 
AS ARR RE NEE CREA ORE SME, 
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THE EVIDENCE 
PILES UP! 


¥ py 
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World’s largest manufacturer of phonographs 
and record changers cuts materials costs 887, 
by using IDEAL All-Plastic wire connectors.* 


If you need a low-cost, quick and easy method of 
joining several smaller gauge wires in a fool-proof 
connection, send in the coupon below for a FREE 
SAMPLE of IDEAL ALL-PLASTIC WIRE 
CONNECTORS. 


See for yourself, at no cost, how this phonograph 
manufacturer, and many, many other leading com- 
panies, have drastically reduced their material and 
assembly costs of making electrical connections. 


Scientifically designed, production-line proven — 
IDEAL All-Plastic Wire Connectors provide a 
quick, economical means of making safe, positive 
connections without abrasive damage to even the 
thinnest wire strands. Special super-smooth threads 
compress, twist and grip the wires; generous length 
and high dielectric strength plastic shell assures 
perfect insulation. Scientific knurling makes them 
easy to apply by hand or small power driver. Avail- 
able in 5 sizes (up to 1,000 volts) for all produc- 
tion needs. 


ws | 
FREE SAMPLE ASSORTMENT ; ™e, 
LETS YOU CONVINCE YOURSELF {, : é 
*Attach the coupon below to your letter- J y e 
i // ~ 
f 


head; we'll send you complete technical / ~ G)) 
data and a free sample assortment for /j / 
you to test. We'll also include the name ’ 
of the above company, and application 
details. 
IDEAL INDUSTRIES, INC. 
1008-G Park Avenue, Sycamore, Illinois 


Gentlemen: 


0.K.— Convince us! Let us try that free sample assortment of IDEAL 
All-Plastic Wire Connectors. (No obligation, of course.) 


CO _ = saicaianaansiainiiaai 
Address: i epee Maen - 
icc ciccaeipccnicieeamt inca . sonia 
a sctiungibiieiigmaiaminiinigiitils 


State: 





4 
| 
I 
| 
i 
| 
| 
We manufacture_____ iia shasiniaialatinciiaaltaiiea ae | 
I 
| 
I 
| 
I 
| 
| 
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Now! A higher reliability factor in printed circuits 





ALTORI 


a new and distinctively different 
finish on TAYLOR copper-clad 
laminates that accepts all 

acid resists uniformly 


Something new and distinctively different has been 
added to TAYLOR copper-clad laminates — a finish 
that accepts all types of acid resists uniformly. High 
fidelity in printed circuit reproduction is assured. 
Circuits can be of consistently higher quality and reli- 
ability, no matter how critical the design. For com- 
plete details about TAYLOR copper-clad laminates and 
samples, write TAYLOR FIBRE Co., Norristown 37, Pa. 








LAMINATED IG V 


UWLCANIZED FIBRE 
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110A is +2 per cent of full scale for 
voltage and current and +4 per cent 
midscale for resistance. Belleville- 
Hexem Corp., 638 University Ave., Los 
Gatos, Calif. Pole 


DIGITAL INTERVAL TIMER 


Portable timer uses silicon solid-state 
devices throughout except for ger- 
manium units in the power supply. 





Model 2202TL features time intervals 
measured to nearest 0.1 millisee for a 
total indicated time of 9.9 (2 decades) 
or 99.9 millisee (3 decades). Longer 
intervals available. Timer will indicate 
which of two arbitrary input signals 
started the time interval. Erie-Pacific, 
Div. of Erie Resistor Corp., 12932 So. 
Weber Way, Hawthorne, Calif. —>573 


DESK-TOP ANALOG 
COMPUTER 


Desk-top computer employing transis- 
tors is suitable (with 0.1 per cent ac- 
curacy) for design calculations involv- 
ing servo mechanisms, small control 
systems and sub-system study. Typical 
problems: time response of two-winding 





transformer, calculation of heat trans- 
fer by natural convection, design of 
industrial instruments. Fully-expanded, 
15 x 17 x 24 in., Model TR-110 contains 
10 summers, 10 integrators, 20 attenua- 
tors, multipliers, function generators, 
comparator and repetitive operation 
facility. Includes all power supplies. 
Prices start at a few thousand dollars. 


Electronic Associates, Inc., Long 
Branch, N. J. —>574 


(Continued on page 280) 


ELECTRICAL MANUFACTURING 


DIRECT-WRITING 





Costly 


Flow Failures 


Cor 


SOLENOID VALVES 



















Quick Operating Non Sticking Tight Seating 
These three design advantages are your assurance 
against costly flow failures. Attain dependable, accu- 
rate, automatic or remote control of liquids or gases 
with Magnatrol Valves. Installed quickly and easily 
in connection with . . . flow-meters, thermostats, float 
and time switches. Every Magnatrol Valve is deliv- 
ered to you—factory tested—guaranteed free from 
defects in material and workmanship. 


STAT eR ESS 


Cotton Interweave 
Form Wound 
High Temperature 


Encapsulated 
Bobbin 


Paper Interleave 
Available in normally closed or normally open models. 


Pressure ranges from zero up to 300 PSI. Voltages 


to 575 NT Tile Me 2) aol 


Py Tabie Ct Mela litle 
TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 


93 Main Street ¢, Winsted, Conn, 


Catalog containing complete 
specifications mailed upon request. 






VALVE Corp. 
HAWTHORNE 4 | 
NEW JERSEY 
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WANTED TO PURCHASE 


EQUIPMENT TO MANUFACTURE 
TUBULAR TYPE ELECTRICAL 
HEATING ELEMENTS. WOULD 
CONSIDER PURCHASE OF ENTIRE 
PLANT. 


AND 


BLOWER 
Delivers 75 C.F.M. at 6000 
R.P.M. using 234” blower 


wheel. With filter for radio 
to cool the tough ones noise suppression. Military 


or commercial specifica- 





BOX 113 
ELECTRICAL MANUFACTURING 
1250 SIXTH AVE. 

NEW YORK 20, N. Y. 
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BIWAX-EPOXY FORMULATIONS 


@ MIL and Industrial Specifications. 
@ Single component systems. 
@ Thixotropic formulations. 
@ Packaging service minimizes waste—can be keyed 
to your production schedules. 
e@ Encapsulating service facilities. 
Send for Informative BIWAX-EPOXY 
Compounds Data Sheet 


Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS 


3442 HOWARD STREET * SKOKIE, ILLINOIS 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 


Over 30 years of formulating experience 
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When modern design requires cool- 
ing, it means fast, efficient cooling 
—with minimum weight addition 

Heinz Mueller fans and blowers 
have shown outstanding ability to 
meet military specifications for per- 
formance and extreme durability. 
Now, these same characteristics are 
also available for commercial ap- 
plications ... wherever precision is 
vital. 

Call a Heinz Mueller engineer for 
design help on the ‘‘tough ones.”’ 
We've already solved something 
close to the problem you're facing 
now. 


METAL FAN 

BLADES 

2” to 5” 

diam. Sizes 

Aluminum or steel. 

Fans can be furnished with 

plain hole, metal hub or rubber 

grommet. 

Maximum air movement. Mini- 

mum horsepower requirement. 
Maximum air quietness. 


HEINZ MUELLER 


tions. Motors 6 to 220 volt 
D.C. or 60 cycles A.C. 400 
cycles on special request. 
Blowers from 2 to 200 
C.F.M. with 1” to 4” 
wheels. 


TUNNEL FAN 
Weighs only 14 oz., but de- 
livers 150 C.F.M. at 3100 
R.P.M. 4” fan. Can supply 
2 C.F.M. to 250 C:F.M. with 
2” to 10” blades. 


FAN — Miniature precision 
design delivers 20 C.F.M. at 
10,000 R.P.M. 2” dia. 10- 
blade fan. Motor 27.5 voit 
D.C. Weight 4 oz. 


ENGINEERING 
COMPANY 


1906 N. Cicero Ave., Chicago, Illinois 
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POLYVAR......... 


SOLDERS WITHOUT INSULATION REMOVAL! 


POLYVAR—the Acme trade name for 
polyurethane enamel—introduces a mag- 
net wire that solders directly without insu- 
lation removal! This improvement greatly 
reduces processing time as well as lead 
breakage. 


POLYVAR has properties fully equal to 
those of Formvar for wire insulation, plus 
easy solderability, greater thermal stability, 
and lower moisture absorption. 


In AWG sizes 15 through 40. May we send 
you complete details on Acme POLYVAR? 
If convenient, please describe your need. 


THE ACME WIRE COMPANY 


NEW HAVEN, CONN. 
MAGNET WIRE @ COILS © VARNISHED INSULATIONS it S$ 
INSULATING VARNISHES AND COMPOUNDS 


SOOSHOSOSOSOOSSSOSOSOSOSSSOOSOOSOOOOSOOOOSOSOOOOOOONNS 
ircle on page 
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PARAMOUNT Spiral Wound PAPER TUBES 















SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
14" to 30” long, from .450” to 25” I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 


PARAFORMED—SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 


PARAMOUNT 


PAPER TUBE CORP. 
612 LAFAYETTE ST., FORT WAYNE 2, IND. 
Standard of the Coil Winding Industry for Over 20 Years 
















Write on company 
letterhead for 
STOCK ARBOR LIST 
OF OVER 2000 SIZES 







280 Circle 299 on page 17 


ee ee ee 


range. Calibration data are supplied 


DIRECT-WRITING 
GALVANOMETER RECORDER 


Recorder trace becomes visible  im- 
mediately on slow recording speeds 


and in less than 10 sec on high speeds. 





Ultraviolet light source and special 


process-tree paper are employed. 
Trace remains indefinitely when filed 
and for weeks under ordinary room 
lighting. Units with up to 12 channels 
available. Writing speed, to 10.000 ips. 
Facilities for timer and datum lines, 
and several paper-feed speed combina- 
tions provided. Recorder is 10 x 12 
x 13 in.; power unit is 8 x 10 x 11 in. 
C. H. Stoelting Co., 424 No. Homan 


Ave., Chicago 24, Ill. >575 
RATIO SET 


Otto Wolff direct-reading ratio set. with 
accuracy of 1 ppm, is used to compare 





high-precision resistors against known 
standards. In mahogany box with cover. 
Physics Research Laboratories, Inc.. 
Box 555. Hempstead, N. Y. >576 


FREQUENCY METER 

R-F spectrum coverage from 125 ke 
to 1000 me and accuracy to 0.005 per 
cent are combined in frequency meter 
designed for battery or power supply. 
D-W-E 1021 three-band meter will both 
measure frequency and generate volt- 


ages of known frequency within its 
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CORPORATION OF AMERICA 
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SUPRAMICA’ 560 
ceramoplastic 


the world’s most nearly perfect 
precision-molded electronic insulation 





gives this MICRO SWITCH assembly 


A DIVISION OF MINNEAPOLIS-HONEYWELL 


total dimensional stability! 





This subminiature assembly—no bigger than your thumbnail—is a high-temperature 
switch, precision-made for the MICRO SWITCH Division of Minneapolis-Honey- 
well, and designed for use in missiles, aircraft and other electronic “‘hot spots.” 
Precision-molded of SUPRAMICA 560 ceramoplastic, the switch base has total 
dimensional stability at temperatures up to +750°F in this application, and up to 
+932°F in many others. It has also been used in extreme /ow temperature applica- 
tions as found in missile launching environments. 

Reports MICRO SWITCH: “Selection was founded on the characteristics of 
SUPRAMICA’S moldability, and dimensional stability and control. These are of 
utmost importance in the production and application of the 6SM switch.” 

“It allows us to mold terminal inserts into the switch base, parallels the expansion 
characteristics of the stainless steel terminal inserts, and eliminates dimensional varia- 
tions during a production run. This promotes extended switch life and helps MICRO 
SWITCH maintain the quality and reliability for which our products are known.” 

SUPRAMICA 560 is one of a unique family of precision-molded and machinable 
ceramoplastics and glass-bonded mica insulation materials. Whatever insulation 
characteristics you require, there is a Mycalex Corporation of America material to 
meet your need—for example, SUPRAMICA 620 machinable ceramoplastic offers 
a maximum operating temperature of +1550°F. Write today for specific information. 


General Offices and Plant: \23-E Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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Shipments of 
toledo 


commutators and 
WHC 
take 


rings 
off 


fast! 


Fast delivery for one 
or a million top quality 
commutators and 
collector rings ... is 
assured when you order 
from Toledo 
Commutator Co. 


2 Extensive tooling 
| facilities .. . top 
workmanship . . . quality 
control .. . all combine 


with the finest raw 
materials to produce 
each Commutator and 
Collector Ring to 
uniform excellence. 


Special orders, 
samples or repair 
work are turned 
out promptly. 
Call Toledo 
Commutator Co. 
for quality 
Commutators and 
Collector Rings. 


Write today tor 
Catalog #65. 


OWOSSO 6, MICHIGAN 
quality products since 1895 
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range. Calibration data are supplied 
for 5000 dial Features in- 
clude: 115/230 volt a-c power supply; 
r-f output, 50 microvolts minimum into 
50-ohm load at any harmonic fre- 
quency in calibrated range; stability, 
better than 0.0025 per cent; modula- 
tion, 900-cycle internal — oscillator. 
Diveo-Wayne Electronics, 9701-B Read- 
ing Rd., Cincinnati 15, Ohio. a) ft | 


readings. 


DECADE RESISTANCE SETS 


By selective interconnection of 12 iden- 


tical resistors, values over a 144-to-l 
range can be obtained to 0.0015 per 


cent accuracy. May be used to cali- 





brate bridges, transducers and other 
equipment. Temperature coefficient, 
less than 5 ppm/deg C. 

Model DMR-104, with twelve 1000- 
ohm resistors, has 10 ma rating; DMR- 
105, with 10-k resistors, has 2 ma 
rating; and DMR-106, with 100-k resis- 
tors, has 1 ma rating. Julie Research 
Laboratories. Inc., 556 W. 168th St., 
New York 32, N. Y. >578 


DIELECTRIC TEST SET 


Test set performs step-voltage resist- 
ance tests, voltage withstand, break- 


l-min resistance tests on 
insulation in electrical equipment with 


voltage ratings in 300, 600 and 2500 


down, and 





volt classes. Bench (illus.) and _port- 
able models supply up to 2.5 kv at 5 
ma and have separate meters for meas- 
uring output current and voltage. Out- 
put currents down to 1 yamp are 
measurable. James G. Biddle Co., 1316 
Arch St.. Philadelphia 7, Pa. 579 
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Need 


to 
brush 


up 
on the 


Slide 
Rule? 


... Come now! Are you really hep 
to the use of the Log-Log-Scales .. . 
the circular slide rule phasor 
calculations vector diagrams 
. . . hyperboiie functions? Can you 
make that slip stick solve the tough 
engineering problems, not just the 
simple calculations? 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Design. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


; a 
print copies 


“Slide Rule Mathematics” is typi- 
cal of EM’s. specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 


nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC. 
TURING, 205 East 42 Street, New 
York 17, N.Y. 
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Moore offers you a fast, 
dependable and 
economical source for 
one or a million 


Moore Set Screws are precision- 
made and are backed by over 75 
years of design- engineering and 
manufacturing experience. They 
are of proper hardness for maxi- 
mum strength and life; they have 
accurate threads for secure lock- 
ing action; and they are quality 
controlled for consistent uniform- 
ity. You get fast delivery .. . off 
the shelf on standard items; two 
or three-day part shipments on 
specials. 

Improve your product and 

maintain production schedules 
with Moore Set Screws. Engi- 
neering assistance available. 










Condensed Specifications 
Socket 





Headless] Square 
Slotted Head Head 


#010 %” #610%” 4 10% 
X03” 61024” % toi” 


cup, oval, round, flat, 
cone, r, dog 









Size (dia. 









Lengths 











steel, brass, bronze, stain- 
less, aluminum, alloy 
steel, monel 


Materials 





Special Heads — milled, slabbed, 
double slot, knurled. 





Moore prices are right . . . 
Send for Detailed Price Catalog. 


#2, 








Miniature Headless—*0, #1, 
#3 sizes in a wide selection of 
metals, finishes, lengths and points. 





role}; 2m George W. Moore, Inc. 


since 1880 
SET SCREWS 85 Beaver St., Waltham 54, Mass. 


Me 
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. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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DYKEM 
atte 


= Stops sapned 


Popular pe & is 
making Dies and | 


8-oz. can 


soft-hair brush for a 
plying right at benc 
i surface ready for 

in a few minutes. 


Templates 


out 

1 photdark blue background = 

, makes the scribed lines & 

) show_up in sharp relief, 

prevents metal glare. In- 

creases efficiency and = 
accuracy. 


Write for sample 


on company letterhead = 
THE DYKEM COMPANY & 


2303F North 11th St. ¢ St. Louis 6, Mo. 
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Bakelite cap holding & 





GREATER 
SAVINGS 
FOR YOU! 


Purchase of another building and in- 
stallation of the newest and finest 
contact manufacturing equipment 
means that Deringer can continue to 
give you the highest quality in even 
greater volume and, of course, com- 
petitively priced. 


Especially important are expanded 
facilities for producing welded contact 


assemblies, balls, various unusual 
shapes and silver cadmium oxide 
contacts. 


QUALITY, DELIVERY and PRICE 


Now standard and special contacts 
can be made to very close tolerances 
and at speeds which make even faster 
delivery possible and at lower cost too! 


FOR GENERAL 
INFORMATION: 


Write for these 
contact catalogs. 


FOR SPECIFIC INFORMATION: 


Submit complete specifications of your 
part, tolerances, material, application. 


METALLURGICAL CORPORATION 


8119 MONTICELLO AVE., SKOKIE, ILL. 
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in plastics 


By BARTO L. ATTIG, Sales Manager 
AMERICAN INSULATOR CORPORATION 


One of The Men Behind The Man From AICO 


Most of the men from AICO, the Sales Engineers who serve Aico custo- 
mers, are recruited from the ranks of skilled technicians within our own 


organization. Because of their firsthand experience and work in Engineer- 
ing, Die Making and actual molding of plastics, Aico Representatives 
are singularly qualified to provide you with the most economical solution 
to your molded plastics problems. Next time you seek fast, low-cost pro- 


duction of custom molded plastics .. . 


regardless of molding material, 


molding method required or quantities involved ... Talk to A Man From 
AICO. Aico’s unexcelled service, plus coordinated facilities for molding 
all types of plastics under one roof, saves you time, saves you money 


eliminates split responsibilities. 


AICO MOLDED PLASTICS REPLACE METAL 
BLOWER WHEELS IN AIR CONDITIONERS 


AICO Molded blower wheels now 
provide manufacturers of air condi- 
tioners and heating units with several 
important production and operating 
advantages. Blade sections are aero- 
dynamically designed . . . an achieve- 
ment economically impossible in fab- 
ricated metals. Because they're molded 
to exacting tolerances, precision 
accuracy is achieved without costly 
machining and finishing . . . produc- 
tion cost is lowered, assembly time 
reduced. One-piece construction results 
in silent operation, higher air delivery 
efficiency than possible with metal . . . 
plus dimensional stability in a wide 
range of temperatures. 





FREE 
PLASTICS 
DESIGNER'S 
HANDBOOK 


AICO’S Nook of 
Plastics Knowledge 


Lelia 


Lettering to be molded on part should 
be on surfaces parallel to the parting 
line, sides of characters should be well 
tapered. Character depth of Y%4-inch 
is considered adequate . . . depth of 
¥%a-inch is maximum recommended 
Confine lettering to flat surfaces, 
lettering on curved surfaces requires 
a split die or complicated die making. 
Additional information on lettering is 
fully covered in Aico's Plastics De- 
signer’s Handbook. Coupon will bring 
your FREE COPY 





AICO offers you this valuable handbook graphically 
illustrated and showing how proper design will lower 
the unit cost of molded plastic parts. Handbook tells 
and illustrates how costly errors can be avoided when 
parts are in the design stage. Send for your FREE copy 
today 


use coupon below 


experience and coordinated 
facilities for Engineering, Mold 
Building, Compression, Transfer, 


plus the molding of Reinforced 
Fiberglos 





American Insutator CorporariOn 
New Freedom, Pa. 


Please send me a FREE copy of Aico’'s 
PLASTICS DESIGNER'S HANDBOOK. 


Name 
Title 
Company 


Address 


A completely integrated plastics 
molding service with unmatched 


Plunger, Injection and Cold Molding 






| PANORAMIC 


SPECTRUM ANALYZER 

Frequency coverage from 0.1 to 525 
ke is featured in instrument for ultra- 
sonic spectrum analyses, harmonic in- 






vestigations, ultrasonic vibration and 


noise measurements. — telemetering, 
monitoring, and attenuation measure- 


ments of filters and transmission lines. 


| Continuously calibrated sweep width, 


1 to 200 ke; resolution capability, 100 
cps; sweep rate, 1 to 60 cps. Model 
SB-15 panel height is 8%4-in. Pano- 
ramic Radio Products, Inc., 514 So. 
Fulton Avenue, Mount Vernon, New 


York. >580 


D-C VOLTMETERS 

Four- and five-digit d-c transistor volt- 
meters feature readout with edge-lighted 
numerals 1 in. high; controlled drive 





of stepping switches in which switches 
turn themselves off part way through 
their cycle; and coasting to a stop to 
prevent overdrive and minimize impact 
wear. Cubic Corp.. 5575 Kearny Villa 
Rd.. San Diego 11. Calif. >581 


PHASE-SEQUENCE INDICATOR 


Indicator provides means of determin- 
ing order in which voltage peaks occur 
in 3-phase power source. Sequence dis- 
played by two pilot lamps for 1-2-3 
and 3-2-1 sequence. Model V A7 features 
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ranges of 104 to 480 volts and 30 to 
1000 cycles at temperatures from —65 
to +160 F ambient. Opad Electric Co.. 
69 Murray St., New York. > 582 


OSCILLATOR-AMPLIFIERS 

Units provide an a-c power source of 
frequency independent of line fre- 
quency and sufficient power to drive 
motors with power consumptions to 80 





va at 117 volts. The standard Wien- 
bridge oscillator will produce 60 
cycles, externally adjustable +5 per 
cent, with a stability of 200 ppm/deg 
C. Tuning fork oscillator stability bet- 
ter than 1 ppm/deg C available. Oscil- 
lator-amplifier Series 690 can be sup- 
plied to cover any one, or several, fre- 
quencies between 45 and 1800 cps. 
Fairchild Recording Equipment Corp., 
10-40 45th Ave., Long Island City 1. 
MX ->583 


MULTI-RANGE 

TEMPERATURE RECORDER 
Five-inch strip-chart recorder with 
ranges provided by plug-in elements 
has automatic reference junction com- 
pensation. Typical spans, —150 to +250 





F. 0 to 400 F, 0 to 2200 F. Paper with 
F or C calibrations available. Limit of 
error, 1 per cent of span. Available in 
1, 2 or 4 speeds. Varian Instrument 
Division, 611 Hansen Way. Palo Alto, 
Calif. >584 


VARIABLE R-F ATTENUATOR 


Step attenuators, designed to operate 
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..-Simple or intricate parts, high in 





GRC tiny die castings 


made in one fast automatic operation 

















quality, low in cost 


Gries' exclusive patented methods make 
possible wide design latitude . . . 
assure uniformity, accuracy and smooth 
surfaces on small parts of all types 
. . « for a wide variety of uses... 
at substantial savings. GRC die castings 
leave the machines trimmed, ready- 
for-use. In addition GRC's unique single 


cavity die casting tech- 
niques offer new shortcuts i 

in assembly . . . new ap- TiN Zinc 
5 a Maximum sizes up 
CRP U TE = ee 
im. 

GRIES REPRODUCER CORP. 

World's Foremost Producer of Small Die Castings 


proaches in product design 
149 Beechwood Ave., New Rochelle, N.Y. NEw Rochelle 3-8600 


through our exclusive .. . 
Circle 307 on page 17 


» @ 


NO SIZE TOO SMALL! 


Write for fact- 
filled booklet 
“Small Zinc 
Alloy Die Cast- 
ings,’’ includes 
helpful design- 
er’s check list. 





Learn how you may 


solve more engineering problems 


with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well illustrated instructions for the use of all con- 
ventional slide-rule scales as well as the circular rule. 

Reprint copies of the complete article with prac- 
tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 194. 
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SS ~(NSUROK 


Free-Machining, Laminated, 
Rolled Tubes Meet Mil-P-79B and Federal L-L-3 


INSUROK NEMA MILITARY FEDERAL 
GRADE GRADE SPECIFICATIONS SPECIFICATIONS 


Mil-P-79B, L-L-31, 

Type PBM, Form TR Type 1, Grade X 
Mil-P-79B, L-L-31, 

Type PBG, Form TR Type 1, Grade XX 


T-300 and T-301—two new, improved grades of INSUROK paper base, lam- 
inated tubes are distinguished by their excellent FREE MACHINING charac- 
teristics. They do not chip or delaminate when fabricated. Having good 
dielectric properties and uniform appearance, these light colored INSUROK 
tubes are suited to any fabricating operation. You can machine INSUROK 
T-300 and T-301 at top operating speeds. 

For your electrical and mechanical applications you are offered a wide 
choice of tube sizes in these new grades: 


e Inside diameters up to 12 inches e Wall thicknesses up to 2 inches 


CHARACTERISTIC PROPERTY COMPARISON 


NEMA XX T-301 
REQUIREMENTS TYPICAL VALUES 





CHARACTERISTIC PROPERTIES 





Test Samples From 1” x 114” Tubes 
Water Absorption 2% maximum 1% 
Density (grams per CM) 1.12 minimum 1.25 


Dielectric Strength 290 volts/mil. 400 volts/mil. 
parpendicutor to laminations) minimum 





Richardson offers a complete line of INsUROK laminated grades in sheets, 
rods and tubes . . . also provides complete fabrication service at its Melrose 
Park, Illinois and New Brunswick, New Jersey plants. 


For full information on 1nsuROK T-300 and T- 301, write direct or con- 
tact sales offices in principal cities. 


the RICHARDSON COMPANY 


LAMINATED AND MOLDED PLASTICS Founded 1858 
2799 LAKE STREET ® MELROSE PARK, ILLINOIS © SALES OFFICES IN PRINCIPAL CITIES 
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from d-c to 500 mec, are rotary ad- 
justable type and can be supplied as 
individual unmounted units or in vari- 
ous combinations on  rack-mounted 
panels. Three types of 50-ohm units 
and four 75-ohm impedance types are 
available. Ortho Filter Corp., 196 Al- 
bion Ave., Paterson 2, N. J. > 585 


CURRENT-PULSE GENERATOR 


Generator for development and design 
applications in high-speed logic and 
memory problems, solid-state research, 
and high-speed transistor switching op- 


eration features pulses with rise times 
to 5 millimicrosec. Model 1051 gener- 
ates positive or negative pulses at 
ground level with durations of 10, 20, 
50 and 100 millimicrosec. Amplitudes 
variable from 0 to over 2 amp to 100 
volts, with repetition frequency from 
100 to 10,000 pps. Rese Engineering, 
Inc., 731 Arch Street, Philadelphia 6, 
ra. > 586 


D-C REGULATED 
POWER SUPPLIES 


Series of 14 transistor-driven power 
supplies with magnetic-amplifier regu- 
lation are centered about 5- to 160- 
volt regions for loads to 120 amp. 
TRM series contains auxiliary modu- 
lar capacitor banks for varying tran- 
sient response to suit applications. 
Output adjustable over 8:1 voltage 
range approx. With 0 to max static 
load change, d-c output deviation is 
under 0.1 per cent or 50 mv, which- 
ever is greater. NJE Corp., 345 Car- 
negie Ave., Kenilworth, N. J. ->587 


ELECTRICAL MANUFACTURING 





Have you discovered 


the new 
PRODUCT INDEX? 


It starts on page 288—just preceding the 
Index to Advertisers. 


This new Product Index answers a continu- 
ing need, expressed by many readers of ELEec- 
TRICAL MANUFACTURING, for a quick method of 
extracting information relating to any material, 
component or equipment discussed in either the 
editorial or advertising pages. 


The listing arrangement emphasizes brevity. 
It follows the same library-based subject classi- 
fication system which was originally developed 
for the ELectricaL MANUFACTURING Annotated 
Editorial Index. 


Get acquainted with this new reference tool. 
It can save time in your data researching. 


-FOLDING DOUBLE CUPPED WASHER LUGS- 


OPEN « FOLDS OVER HERE TO CLOSE 
wn er Waneut 
Insulation Grip— 
Small or Large 
Screw Hole. For 


Standard, Extra 
EASY TO APPLY e« NO TOOLS REQUIRED Flexible Strand- 


ingand Solid Wire 


KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 


Circle 309 on page 17 


Reader Inquiry Service 
Postcard return cards are provided on page 17 as a con- 
venience to the reader in obtaining— 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Design Engineer 
A copy of any manufacturer’s publication reviewed. 


Feature Article Reprints 
Single copies of selected feature articles. 


Advertised Products 
More information on any product or service described. 
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DIALCO) Pilot Lights 


with Built-in Resistor 3° 


(a patented DIALCO feature) 


and the NEW High Brightness 
Neon Glow Lamp NE-51H 


- TIMES 
_ BRIGHTER 


~S 


A New Advance in Pilot 
Light Design by DIALCO: 


Three basic advantages are in- 
corporated in this series of 

DIALCO assemblies: (1) Built-in 

resistor for direct use on 125 

to 250 volt circuits... (2) New 

plastic lens designed to give 

attractive “halo” effect... 

(3) New High Brightness Neon 

Glow Lamp NE-51H. This lamp y 
may be operated at about 3 NE-51H 
times the level of current 

that may be applied to the standard lamp, and it will pro— 
duce 8 times as much light—with long life! Very low 
power is required, less than 1 watt on 250 volt circuit. 
Recommended for AC service only. 


Catalog No. 
132-408-991H 


In the DIALCO assembly, the built-in current limiting 
(ballast) resistor (18,000 ohms) is completely insulated 
in moulded bakelite and sealed in metal (U. S. Patent No. 
2,421,321) ... Small space required—units are available 
for mounting in 9/16” or 11/16” clearance holes... A wide 
choice of optional features includes lens styles, shapes, 

and colors; terminal types; metal finishes, etc. ... Meet 
applicable MIL Spec and UL and CSA requirements. 


All Assemblies Are Available Complete with Lama 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


r DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 


t — . 
son ee Lan (0 for NE-51H Neon lamp () Sub-Miniatures (J Oil-Tight 


Name . Position 
Company 


Address 
Foremost Manutacturer of Pil 


DIALI rh? i 


CORPORATION 
44 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 


page number only indicates advertisement; letter “e' with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Attenuators—248e 

Batteries and holders—224e 

Brakes, magnetic—152e, 216e 
Capacitors—4, 16, 206e, 250e 
Clutches—181, 216e, 248e, 258e, 267 


Contact devices 
Brushes and brush holders—206, 262 
Commutators—172, 282 
Contacts and contact points—67, 283 


Control systems—Inside back cover, 98e, 181, 
197, 260, 274e 


Counters—210e, 228e, 259 


Electron tubes 
Glow lamps—222e 
Phototubes—8 
Power—Inside front cover, 154e, 202e, 216e, 
273, 276 


Fans and blowers—208e, 271, 279 
Filters—25, 219e, 233e, 263e, 268e 
Fittings, conduit—175 

Heating elements—160, 204e, 208e, 212e 
Inductors—208e, 242 

Lights, indicator—208e, 242, 222e 


Magnetic components 
Bobbins and core boxes—244 
Cores—58 
Laminations—214e 
Permanent magnets—189 
Shielding—214e, 273 


Magnetic amplifiers—210 
Meters, panel—51 

Modular assemblies—166 
Potentiometers—227e, 237e 


Protective devices 
Fuses—249 
Thermal—74 


Relays 

General purpose—31, 61, 81, 149, 168, 227, 
248e, 253e 

Industrial—66, 190, 235e, 272e 

Mercury—204, 251 

Photo—272e 

Plug-in—230e 

Rotary—227e 

Telephone—149, 272 

Time delay—151, 243, 273 


Resistors—198, 206e, 224e, 235e, 237e, 262e 
Seals and terminals, hermetic—21 


Semiconductor devices 
Rectifiers and diodes—190e, 223, 229, 247, 
268e 
Thermistors—170 
Thermoelectric devices—222e 
Transistors—202e, 222e, 241 
Varistors—170 
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Servo components—70, 76e, 150e, 212e, 232e, 
244e, 254, 258e 


Shielding devices—212e 
Sockets and adapters—224e 
Solenoids—187, 214, 227e 


Switches 
Controllers and contactors—39, 46, 54, 
163, 202e, 238e 
Inertia—12, 212e, 236e 
Limit—204e 
Mercury—204, 238e, 266 
Pushbutton—32 
Rotary—228e, 250 
Snap action—32, 202e 
Toggle—32, 179, 25le, 254e, 262 


Timers—24, 216e, 246, 246e, 278e, 292 


Transducers 
Special—216e, 219e 


Transformers 
Electronic—25, 206e, 250e, 264e, 266 
Variable voltage—238 


Valves, solenoid—268e, 279 
Voltage references—264e 


Wire and cable— 
Clad wire—69, 193 
Coaxial—183 
Control—183 
Hookup—227, 236 
Magnet—29, 37, 50, 173, 176, 195, 214e, 
220 
Power—183, 226, 227 


Wiring devices 
Cable clamps and clips—204e, 222e, 263e 
Connectors—30, 159, 175, 202e, 237e, 263e, 
277 
Cord sets—164, 227, 267 
Plugs and jacks—159, 244, 262 


Terminals—30, 159, 202e, 206e, 231, 233, 


287 
Terminal blocks—192, 200, 202e, 224e, 
235e, 262 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Adhesives—227e 


Bearings—1, 100e, 167, 201, 212, 217, 239, 
226e 


Bushings—202e, 266e 
Clutches—244e 
Conduits—47, 55, 219e 
Counters—228e, 235e, 242e 
Dials, readout—263e 


Fasteners 
Bolts and nuts—45, 202e, 206e, 219e 
Quick-operating—238e 
Rivets—212e, 246e 


Screws—45, 202e, 205, 206e, 283 
Thread inserts—232 


Gears and pinions—202e 

Housings and enclosures—148e, 175 

Knobs, handles—182, 228e, 232e, 260e, 277 
Mounting hardware—156e, 232e 
Nameplates—243, 25le 

Oilers—242e 

Plastics parts—228e 

Rings, retainer—22, 212e, 260 

Seals and gaskets—219e 

Springs—62 


COMPUTERS AND 
COMPUTING COMPONENTS 


Back cover, 15, 30, 227e, 228e, 250, 262e, 
278e. 


DRAFTING MATERIALS AND 
EQUIPMENT 


Files—204e 
Reproducers—228e 
Tables—204e 
Tracing cloth—221 


DRIVES 


Electrical—185e, 228, 258e 


Mechanical—208e, 224e, 251 
Variable speed—204e, 236e, 254e 


INSTRUMENTS AND TEST 
EQUIPMENT 

Calculators—186 

Generators, electronic—285e, 286e 
Meters—274e, 276e, 280e, 284e 
Oscilloscopes—284e, 289 


Power supplies—147, 208, 214e, 216e, 224e, 
254e, 260e, 274e 


Recorders—144e, 191, 232, 274e, 276e, 280e, 
285e, 286e 


Special test equipment—l44e, 146e, 204, 
210e, 214e, 216e, 227e, 274e, 280e, 282e, 
284e, 285e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 
Conductive materials—37, 69, 73 
Contact materials—69, 165, 208e, 272 


Insulation and dielectrics 
Casting resins—26, 33, 56, 171, 273, 279 
Ceramics and glass—192, 259, 277, 281 
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Fabrics—265 

Flexible films—169, 25le 

Gaseous—225 

Laminates—122e, 185e, 262e, 264e, 275, 
278 

Paper—212e 

Plastics—57, 128e, 210e, 214e, 218, 246e, 
258, 280 

Pressboards—158 

Solder and solder compounds—-267 

Tape—44, 60, 169, 185e, 261, 275 

Tubing—47, 55, 233e, 248, 268 

Varnishes—185e, 218, 219e 


Magnetic materials 


Alloys—69, 263 : 
Electrical steel—157, 190e, 203, 214e 

Ferrites—190e, 199 

Shielding materials—264 ia 


Quartz 


a" >. An your design 


MATERIALS, \ 
MECHANICAL/STRUCTURAL a 


Metals | 
Alloys, general—69, 165 ! . .. Laboratory and production operations speeded 
Aluminum—53 
Copper, brass, bronze—73, 
Nickel and Ni-alloys—165, 193, 291 
Steel—43, 213 SECAUSE 
Tin—208e 
Zinc—23 

Metal forms 
Clad metals—193 
Thermostatic bimetal—219 


Non-metallic materials 
Carbon and graphite—216 
Ceramics—71 
Elastomers—65, 214e, 234 
Fibre, vulcanized—177 
Lacing tape—290 
Lubricants—216e, 228e 


Quartz—210e é " , PANORAMIC’S 


Plastics compounds and resins—34, 206e, 


252, 255, 258 _.. SONIC ANALYZER LP-1a 


Protective coatings 
Chemical—209, 214e 


Engineering projects can be completed quicker 


165 up ... Greater profits retained .. . 


Used in designing, provides high-speed visual analysis of sounds, vibrations and 
improving and 


hk 7 electrical waveforms . . . identifies mechanical and 
production testing: 


electrical defects or variations. 


MOTORS AND GENERATORS Versatile, flexible, fast. |: 


Integral-hp motors—59, 207, 230e, 257 ernie pibvaneniccarder inion 
Fractional-hp motorc—36, 40, 153, 167, 179, nate aera 
207, 210e, 230, 245 
Gearmotors—49, 204e 
Special—2, 13, 24, 27, 64, 68, 210e, 230, 
243, 245, 259, 292 


PRODUCTION EQUIPMENT, SS) Phone or write for 
TOOLS i * \ detailed information 


. tia e ° on how a PANOR- 
Coil winding—215 X) AMIC Sonic Analyzer 


Layout fluid—283 ; a 354 can help you 


Pliers—202e the pioneer a Also, send for our 
Processing equipment—174, 180, 208e, 253 / / | , ) current Catalog 
Welding devices—178 to/the leader Rises, ond tet we 
Wire strippers—202e / / put you on the 


mailing list for 
Wiring machines—231, 222e 


RADIO PRODUCTS, INC. PANORAMIC 
ANALYZER, a pub- 
lication that features 
application data 


SERVICES 560 So. Fulton Ave., Mount Vernon, New York © Phone: MOunt Vernon 4-3970 
Coil winding—279, 283 Cables: Panoramic, Mt. Vernon, New York State 

Metal fabrication—161 These organizations have found Panoramic equipment PROVED PERFORMERS: 
Plastics fabrication—156e, 179, 284, 285, 286 Fe Oe eee tee eee, ok ee 
Product engineering—155, 198, 216, 234 Eastman Kodak Co., Ford Motor Co., General Electr eneral M 
Wirings—166, 180 
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lacing tapes 
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by GUDEBROD 


375°C GUDE-GLASS 

Flat braided of glass fibers, 
Gude-glass is recommended 
for use where high tempera- 
ture is a factor. Available 
with special finishes for non- 
slip characteristics, it is non- 
toxic, resists fungus and is 
flexible within its complete 
range: —40°C to 375°C 


220°C TEMP-LACE 


Manufactured of pure 
TEFLON*, Temp-Lace is 
the latest addition to the 
Gudebrod line. Chemically 
inert, it is available in nat- 
ural finish, with a fungistatic 
rubber coating or with a sil- 
icon dispersion finish. In 
five sizes, it is flexible from 
40°C to 220°C 


160°C STUR-D-LACE H 


Flat braided of DACRON** 
with non-corrosive rubber 
finish or wax finish, Stur-D- 
Lace H meets the most 
severe requirements for 
fungus-resistance. It is non- 
toxic, knots tightly, is un- 
affected by most chemical 
solvents. In five sizes, all with 
high dielectric strength 


90°C GUDELACE 


The original Gudebrod lac- 
ing tape, flat braided of 
nylon with special wax fin- 
ish, Gudelace has become 
the standard where excessive 
high temperatures are not 
encountered. In seven sizes, 
Gudelace also comes in six 
colors for circuit coding. 


Write for new Data Book with 
complete specifications of A\\ 
Gudebrod Lacing Tapes 
"Du Pont’s trade mark for its 
IT FP fluorocarbon fiber 


“Du Pont’s trade mark for its 
polyester fiber 


GUDEBROD 


BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 West 34th Street, New York |, N.Y 
EXECUTIVE OFFICES 
viel ae li ell 11+) A oe 
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INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear on page 1 


A'’G'A Div., Elastic Stop Nut Corp. of 


America 243 
AMP Incorporated 30 
Acme-Newport Steel Co., A Sub. of 

Acme Steel Co. 157 
Acme Wire Co., The 280 
Adams & Westlake 251 
Airpax Electronics Inc., 

Seminole Div. 210 
Akron Porcelain Co. 259 
Allen-Bradley Co. 54 
Alliance Manufacturing Co., The 243 


Allied Chemical, 


General Chemical Div. 225 
Plastics and Coal Chemicals Div. 26 
Allied Research Products, Inc. 209 


Aluminum Company of America 37, 38, 52, 53 
American Brass Co., The 161 
American Insulator Corp 284 


American Steel & Wire Div. of United 


States Steel 62, 63 
American Super-Temperature Wires, Inc. 188 
Amperite Co., Inc. 273 


Amphenol-Borg Electronics Corp., 


Amphenol Cable & Wire Div. 183, 184 
Connector Div 14 
Anaconda Wire & Cable Co 220, 221 
Armstrong Products Co. 180 
Arnold Engineering Co., The 58 


Auto-Lite, General Products Group, Wire 
and Cable Div. 195 


Automatic Electric, Sub. of General Tele- 
phone & Electronics 61 


Babcock & Wilcox Co., The, Tubular 


Products Div 47 
Barden Corp., The 217 
Biwax Corp. 279 
Bodine Electric Co. 2 


Borden Chemical Co., The, Resinite 
Dept. 248 


Brevel Products Corp. 251 
Brush Beryllium Co., The, Pennrold Div. 272 


Brush Instruments Div. of Clevite Corp. 191 


Buchanan Electrical Products Corp. 200 
Bulova, Industrial & Defense Sales 155 
Bunting Brass and Bronze Co., The 196 
Burndy, Omaton Div 231 


Bussmann Mfg. Div., McGraw-Edison 


Co. 249 
Cannon Electric Co., The 159 
Century Electric Co i8, 49 
Chace Co., W M. 219 
Chicago Rawhide Manufacturing Co., 

Sirvene Div. 234 
Clifton Precision Products Co., Inc 


Back Cover 


Columbia-Geneva Steel Div., United 
States Steel 62, 63 


Comar Electric Co. 235 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 275 


Continental Wire Corp. 236 


Control, A Div. of Magnetics, Inc. 197 


Copper & Brass Research Association 72, 73 


Cords Limited Div., Essex Wire Corp. 227 
Corning Glass Works 71 
Cornish Wire Co., Inc. 164 
Cosmo Plastics Co. 244 
Coto-Coil Co., Inc. 283 
Cramer Controls Corp. 27 
Cutler-Hammer Inc. 46 
Dano Electric Co., The 279 
Davies Molding Co., Harry 182 
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Now... 
this much 
horsepower 


in this much 


New Reliance 
SUPER ‘T” 
V*S DRIVES 
put more 
power into a 
35% smaller 
package 


aot 


New 50 hp. Super “T’’ V*S Control Units compared 
with 50 hp. old style drive on Reliance production line. 


You can increase usable work space and improve machine perform- 
ance with the New Reliance Super “T’ V*S Drive. More than just a 
compact drive, the Super “T’ packs extra punch into its new small size. 


Like the Super “T’ Drive Motor, the new control unit uses Class B 
insulation, and will take repeated 100% overloads of one minute 
duration. These features plus special control apparatus design and the 
Super ‘T’ D-c. Drive Motor actually put more power in less space. 


This systematic design balance of power unit, drive motor and 
controls forms a fast functioning drive to provide a wide range of 
variable operating speeds from a-c. circuits. 

40—150 hp. Super ‘T’ VxS available for immediate delivery. 
Contact your Reliance Sales Engineer for delivery schedules of the 
complete line, 1—350 hp. (1628 


Product of the Reliance Electric and Engineering Company, manufacturers of a-c. motors, Master 
Gearmotors, Reeves Drives, Super ‘T’ D-c. Motors, generators, controls and engineered drive systems. 


RELIANC 


DEPT.277A,CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 
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ION COMPUTING RESOLVERS 


for 


SIZE 8 FEEDBACK WINDING RESOLVERS 





These resolvers are designed for cal characteristics: Input voltage 13.7v (compensator); Zro 234 + 
use with transistorized amplifiers 15v400~ (stator); output voltage  j596; Zso 244 + j548; Zcompensa- 
and permit the solution of spheri- 13.7v (rotor); phase shift (stator tor 237 + j553; max. null voltage 
cal triangles in a size 8 cascaded as primary) 20.5°; output voltage 1 mv/v. 
resolver chain. ——— 7 
Functions of the spherical tri- X = RANGE | 
cosx Sin X-] 
in x COS x| 






















LAW OF COSINES 
COS x=COS D COS a + 


OS AA 





angle which can be produced are 
indicated in the schematic below. | 
More complex trigonometric func- | 
tions, as well as systems involving | 
coordinate axis transformation, can | 
1 
| 










sinb sina 




















a 


LAT 


be generated with the use of these 
resolvers. 

Accuracy: Functional error .1% 
or less; winding perp. +5’. Electri- 







X-RANGE ne sinx cose-sinb 
SINAA COS @ =O 


©6= BEARING 


LAW OF SINES 
sinb sin AA 
sinx sine 






ee LONG D=AA 

































SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 
COMPENSATION IN 2%” LENGTH 


SIZE 11 AMPLIFIERLESS RESOLVER 
FOR ANGULAR DATA TRANSMISSION 





















These size 11 resolvers incorporate an -integral 
transformer which simulates a resolver function 
at maximum coupling. They are used in the typical 
chain application indicated below for angular data 
transmission. In this particular application, the 
output information can be servoed at either end 
of the chain. 

Quick disconnect allows ease in harnessing. 

Accuracy: +5° of arc or less; winding perp. 
+5’. Electrical characteristics: Input to EITHER 
rotor or stator. Input voltage 115v1600~; output 
voltage 110v both stator and rotor as primary; 
phase shift (stator — 
primary) 1.1°; phase 3 re E 
shift (rotor primary) .3-—" 6 = 
1.9°; Zso (nom.) TUT TUsT 
990 + j13500; Zro ee ee ee ee 
(nom.) 1150 + 
j13500. ee ee ee 



















The YZC-11-E-1 precision 
computing resolver has been 
developed for use in a cas- 
caded, amplifierless resolver 
system at 900~. 

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 
working into their iterative 
impedance. 

Accuracy: Functional error 
.1% or less; winding perp. 
+5’. Electrical characteris- 
tics: Input voltage (stator) 
40v900 ~; output voltage 
(rotor) 33.2v; phase shift 0; 
max. null voltage 1 mv/v. 

Also ready for delivery is 
an equivalent, compatible 
pancake resolver. By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system. 
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